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LECTURE NOTES 
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CHEMICAL STUDENTS. 

ORGANIC CHEMISTRY. 

CIIAPTEIl I. 

INTRODUCTORY. 

The name organic is commonly restricted, by chemists, to 
compounds the molecules of wliich consist of one or more 
atoms of carbon directly combined either with carbon, nitro- 
gen, or hydrogen. Thus, according to this deduitiou, car- 
bonic anhydride (0- -C==0) and hydric potassic carbonate 
(II — 0 — C — 0 — K) are mineral or inorganic compounds, 

O 

because the carbon which they contain is directly combined 

/0-C— 0— II\ 

with oxygen only : but oxalic acid (I ) , cyanic 

\o=e-.o-H/ 

acid (N=C — 0 — II), and formic acid (0=C — 0 — H) arc 

II 

organic compounds, because their molecules contain carbon 
directly combined, in the first case with carbon, in the second 
with nitrogen, and in the third wdth hydrogen. 

The number of elements usually entering into the composi- 
tion of organic compounds is very small. 

A large number of these compounds consist of carbon united 
with only one other element, cither hydrogen or, rarely, nitrogen. 

The members of another very largo class contain only three 
elements carbon, hydrogen, and oxygen ; carbon, hydrogen, 
and nitrogen ; or carbon, nitrogen, and oxygen. 

TOL. II. 


n 
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COMPOUND OBOANIC RADICAI.8. 


Others contain four elements — carbon, hydrogen, oxygen, 
and nitrogen. 

Some contain sulphur, chlonne, bromine, iodine, silicon, 
phosphorus, boron, or metals ; but these are comparatively rare. 

Although the number of the elements entering into the com- 
position of organic compounds is much smaller than that usually 
taking part in the formation of minerals, yet the complexity 
of the former class of compounds is frequently much greater. 

There is no instance of an organic molecule containing but 
two single. atoms, and only one containing three (hydrocyanic 
acid, HCN). 

On the other hand, the number of atoms in a single organic 
molecule is sometimes very great. Thus * 


The molecule of 

Spermaceti contains 

98 atoms. 

>» V 

Stearin 

♦» 

173 „ 

}l 1» 

Margarin 


217 „ 

?> 

Albumen 

?> 

226 „ 

» >» 

Protagon 




In nearly all organic compounds carbon is a tetrad. It 
forms, therefore, with 1 atom of hydrogen a triad compound 
radical, which exists in chloroform (C”!!)' ; n dyad com- 
pound radical with 2 atoms of hydrogen, ns in mcthylenic 
dichlorido ( 0 ‘’H^)"Cl 3 ; and a monad compound radical with 
3 atoms of hydrogen, as in methylic iodide But in 

these compounds it wdll bo seen that the carbon is always satu- 
rated and always a tetrad. 

This is in conformity with the following general law ; — “ In 
every molecule of a chemical compound the sum of the bonds 
is always an even number,” because every number, w’hether 
odd or even, when multiplied by 2 gives an even number. To 
this may be added the following law, to which no exception is 
known : — The sum of the bonds in any molecule is at least 
twice as great as the active atomicity of the most polyad ele- 
ment in the compound.” 

A compound organic radical U a group of atoms containing on^ 
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€T more aiome of earhon of which one or more bonds are unsaHs^ 
fed; and H is either a monad^ dyad^ ^c. radical^ according to the 
nwmher of monad atoms required to complete its active atomicity. 

Such a radical, when a monad, triad, or pentad, cannot exist 
as a separate j^roup ; like hydrogen or nitrogen, when isolated, 
it combines with another group of atoms like itself, forming 
a duplex molecule. It is only by this union of two semi- 
molecules that the vacated bonds can be satistied. 

The following are two of the principal Ncries of compound 
organic radicals : - 

M<)anU. Pyndit. 

Methyl... • qjJ' <»■ • Metliylene... ClI.^ or Me"*, 

Ethyl Elhylone .. . CJl. or Et". 

Propyl . . . I q"! j ■ or | Propylene ... Cjll„ or Pi". 

Butyl .. iQ'|j""r Butylene ... 0,11, or Bu". 

Amyl • Amylenc ... CJI,„or Ay". 

Organic radicals are the analogues of the monad, dyad, 
and triad elements of mineral chemistry. 

Such being the constitution of the organic radicals, wo will 
now proceed to investigate their functions in organic com- 
pounds, and to examine the general plan upon which these 
compounds are, on the atomic hypothesis, built up. 

AVc sluall be assisted in our investigation if wc rcducxj Iho 
formula? of these compounds to a few types or fundamental 
forms. In doing this it is necessary to avoid, as far ns possible, 
all empirical grouping of atoms. Our formula* ought to express, 
as exactly as j)ossiblc, how the elements are combined with each 
other. Thus in a compound containing C^HyO^ the formula 
ought to show, first, whether the hydrogen is combined with 
carbon or with oxygen; or if ’combined with b6th, it should 
indicate how many atoms arc united xvith carbon, and how 
* Only known in combination. 

B 2 
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TY?m OF ORGANIC COMPOUNDS, 


many with oxygen. Secondly, the formula ought to show 
whether' the oxygen is united with carbon or with hydrogen, or 
partly with the one and partly with the otlier, or, lastly, whether 
it is performing the function of linking hydrogen to carbon. 

This information is most completely given, in notation, by 
making carbon the dominant or grouping element in non- 
nitrogenous compounds, and nitrogen in the remaining organic 
compounds. 

Non-nitrogenous organic compounds, exclusive of organo- 
metallic bodies and organo-boron and silicon compounds, can bo 
conveniently considered under the two following types, viz. : — 

II 

1. The monadclphic, or marsh-gas ] jr J. jj 

type J j' 

H 

II II 


2. The diadelphic, or mctlivl type ... II — C — C — II 

I I 

If II 


Nitrogenous organic compounds arrange themselves in the 
most convenient manner under the two following types : — 



11 

8. The ammonia type 

1 

/N\ 

1£ 11 


Cl 

1 

4. The ammonic-chloritlc tvpo 

II-X-II 

11 11 


In addition to these tv pcs a few 

others trill bo occasionally 

necessary, such as 

n 11 n 

5. The triadelphic typo .. 

1 1 I 

. n— 0 — c— c-n 


I I I 

II II II 
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n H 


0. The double inonadclpLic tvpc ... 


7. The condensed diadelphic or 
olefine type 


I I 

0-C-lI 

I I 

II II 


II II 



Double, and sometimes even treble ammofliia and ammoniir- 
chloride types are required for certain compounds, but they 
do not need special description here. 

The above types are written symbolically as follows : — 


1. Monadolpliic type 

2. Diadelphic typo 

3. Ammonia type 

4. Ammonic-clilorido type 

5. Triadclpliic typo 


CIT, 

ten/ 

• ClI,. 

[on. 


C. Double inouadcl])Iiic type , 
7. Condensed diadelphic typo 


Cii, 

o . 

cn, 

cir, 

cii- 


In order to facilitate the use of these symbolic types, it is 
advisable to become familiarized with the symbols of the fol- 
lowing analogues of bydroxyl, in addition to those already 
given for inorganic compound radicals at p. 28 of vol. i., and 
for the monad and dyad radicals at p. 3 of the present 
volume : — 

Methoxyl CH,0 or Mco, 

Ethoxyl or Etc. 

Propoxyl OjIItO or Pro, 

Butoxyl O^HgO or Buo. 

Amoxyl O^U^Oor Ayo. 
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FonnulaD written on the triadelphic type can be reduced to 
the diadelphic type, and those on the latter to the monadelphic 
type, as follows : — 


Propyl ic 
hydride. 


rcH 3 
CH, = 
.CH, 

Triadelphic. 


/ CMeH, 
ICH, 


Dtodelphie. 


or CEtHj. 

Honadelphio. 


The above alternative monadelphic formula*, although appa- 
rently ditferent, ,are in reality identical, as can be easily 
proved by expressing both graphically, thus : — 

H H n 

I : ! ■ ! 

n 

Mi I 

II II n 

II H II 

I I I 

CKtll, = 11^1— (’ (’-11 

1 I I 

Jl 11 11 


On the other hand, nunadeljdiie formula’, if tliey contain a 
sufficient number of carbon atoms, can be expanded into diadel- 
phic, triadel])hic, &c. formuhe in the following manner : — 


{op:U:= 

Normal butyl, or 
propylatiHi nirthyl. 

(Nolrcttlo.) ‘ 


fCEtll 
JCH, _ 
]CH, -< 
(.OEtH, 


CMclI 

CH, 

cn: 

CH, 

cif! 


^CMell, 


CH, 
CH, 

“iCH,- 
CH, 
CH, 

CH 


This development of normal butyl depends on the following 
facts : — Ist, that normal butyl is propylated methyl ; 2nd, that 
normal propyl is ethylated methyl ; and 3rd, that ethyl is me- 
thylated methyl. 

Secondary and tertiaiy organic radicals (see p. 10) cannot 
be completely devdoped vertically ; — 
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rcH, r 


fCMeH, 

OH, 

fCEiMell 

CMcH ^ 

CMcH j 

\CEtMeH “ ' 

CMell " i 


M«thylo-«.>ihylated 
methyl. (Molcoule.) 

CMell, ■ 1 

1 

CH, 1 
lch, ^ 


OIL 

OH, 

CII(CH,). 


{ 


CMe, 
OMe, - 


TrttnothvUt<*d 


CH3 

CMo, 


CMe^ 

ICH, 


"CH 

CCCIUCCH,) 

CCCHJCCiy 

OH. 


It will be seeu, ou comparing the above Ibrmuho with tho 
graphic represcutatiou of the respective compounds, that both 
express the same ideas of constitution. Thus in the developed 
symbolic formula of normal butyl it is evident that tho two ex- 
treme carbon atoms arc each united with three atoms of hydrogen 
and one of carbon, and all the intermediate carbon atoms with 
two of hydrogen and two of carbon, exactly as shown in tho 
following graphic representation : — 

11 il H Jl n Jl Jl II 

till I I I I 

H— C'— (•— C-f C-C— C— t'— II 

I I I I I I I I 

II 11 II II n II II H 

iiormol ltuf\l or |tro|»ylatfd mrUiyl. (Molfculr.) 


From the developed symbolic formula of metbylo-ethylated 
methyl, it is evident that the two central carbon atoms are 
united with three atoms of carbon and one of hydrogen, that 
the two extreme carbon atoms are united with one atom of car- 
bon and three of hydrogen, that the intermediate carbon atoms 
are joined to two hydrogen and two carbon atoms, and that the 
remaining carbon atoms are each combined with one atom Of 
carbon, and three of hydrogen, thus 
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H 

H—i— H 


il H 
11 ^. 
II— C— C— C— : 

-iJli 


! H II H 

■ U J-H 


II H 


I 

II* 

Mrthylo-ciliylatod mrthyl. (Molecule.) 

Lastly, in the developed symbolic formula for triracthylatod 
methyl, the two eciitrnl atoms of carbon are each united with 
four carbon atoms, and all the remaining atoms of carbon are 
united with three of hydrogen and one of carbon, thus ; — 


II 

I 

H-C-II 


II 

n-i 

A 


-f- 


II-C-II 

I 

H 


II 

n— c— II 


II 

I 

-C— II 

I 

II 


ll-t'-ll 

I 

II 


TriiQvthfhtffdiDct*'}!. (Xsluccle.) 


CLASSmCATZON OF OSOAITIC COKPOUVDS. 

Tbo most importnut organic compounds can be conveniently 
divided into the following thirteen families 

1. Organic radicals. 

2« Hydrides of organic radicals. 



POSITIVE K.VD1CAL8. 
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3. Alcohols. 

4. Ethers. 

5. Haloid ethers. 

6. Aldehydes. 

7. Acids. 

8. Anhydrides. 

0. Ketones. 

10. Ethereal salts. 

11. Organic compounds containing triad or pentad nitrogen. 

12. Organo-boron and silicon compounds. 

13. Organo-metallic bodies. 


CHAPTER II. 

OKGANIC RADICALS. 

This family of organic compounds is divided into two 
asses : — 

Class I. Positive radicals. 

Class II, Negative radicals. 

Class I. 

FOSITITE BADICAL8, 

Monads. 

Methyl or (CnHi^Oa Series. 

Vinyl or (C,Hfc,«j)8 Series. 

Phenyl or (C^Hf^^Oa Series, 

Dyads. 

Ethylendior C JSa,. Series. 

Acetylene or Series. 

Fhenylene or Series. 

Triads. 

Glyceryl or Scries, 
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OkOJUItC BADICAU. 


CliABS 1. 


POSITIVE RADICALS. 

MOITADS. 

METHYL or (C,Hh+,), SERIES. 


These radicels are divided into three sections, viz. Normal, 
Secondary, and Tertiaiy : — 

General formulo!. 


1. Normal Badicals . . . . 

2. Secondary Radicals 

3. Tertiary Radicals 


rc(c.ir„+,)ir, 

C(c„h,.^.)h; 

- tO(CjL.+,); 


In the first of the above formulee n may =;(), but in the 
others it must be a positive integer. 

Examples of tlie tertiary series of radicals may be seen in tbo 
tertiary fatty acids. They have not yet been isolated. 

It is evident that, besides the three series of radicals shown 
above, three other series, containing, in the same molecule, 
normal and secondary, normal and tertiary, and secondary and 
tertiaxy radicals, may exist ; but up to the present time only 
one or two examples of such radicals are known. 

By the action of xincio ethide on the chloride obtained from 
acetone by means of phosphoric chloride, a hydrocarbon is ob- 
tained, which may be regarded as a mixed normal and tertiary 
monad positive radical: ethyl etho>dimethomethyl or ethyl 
ifoamyl:-— 

{SeCl, + *“ + {cMe^* 

OktaMalm IhHi. Kane llh]rl rthodia.. 

•HtaM. .klMU.. tnrwuthjl 


1 . Nonud Radieol*. . 

ttb MiM miliun a* jattHdi M Ota mrtbylio aentt of 
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Those radicsiB idso enter into the composition of the normal 
series of fotty acids. 

The following l»t contains all the radicals of this section 
that hare been hitherto obtained : — 


Methyl 


Ethyl 


Propyl 


Me 

Me’ 

Et 

Et’ 


fPr 

\Pr’ 


./CH. 

OIL- 


or 


/ CMelL 
t CMell,- 


f CEtll, 
t CEtli; 


or ■< 


or- 


fCII, 

Oil, 

CH, 

ich: 

^CH, 
CH, 
Oil, 
1 OH, 
Oil, 
LCH, 


Bolling. 

points. 

not known. 


about — 23“. 


+ 68 “. 


Butyl . 
Amyl . 
Caproyl 


iBu’ 
f Ay 


/ CPrli,, 
1 CPrIl, 
fCBull, 


Ay’ "'’tOBuH^ 
Cp 


iCp’ 


or 


rCAyH, 

lOAyH. 


110 “. 

163“. 


202 “. 


Preparation. — 1. By tlie action of zinc on the iodides of the 
normal radicals : — 


2C(C.H^.)H.I + Zn - Znl, + 

Part of the liberated radical is at the same time decomposed ! 
into the hydride of the radical and the corresponding djsd > 
radical : — 





A remarkable special method for preparing ethyl consists in ; 
exposing mercury and ethylic iodide to the influence of sun^ 
light ; — 


2BtI + Hg « Hgl, + Et,. 



t 
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By the electrolyeis of the salts of tho normal fatty odds. 
In this process, nascent oxygen acts upon the iatty acid, con> 
-rerting its oxatyl into carbonic anhydride, the positive radical 
being set free : — 


2 /0(C.U.,,^.)H, 

^ t OOUo 

FaUj acid. 


+ 0 


fctc.n^+,)n, 

Bftdiral. 


+ 2CO, + 

Carbonic 

atih3’diidu. 


on,. 

Water. 


3. By acting U'itli zinc upon the iodides of two radicals simul* 
tancously,thc so-called double or mixed radieals arc produced : — 


Mel -1- EtI 4- Zn 


Znl, -I- 


Methvlic 

iodide. 


Kthrlie 

iodide. 


Zineic 

iodide. 


/Mo 

lEf 

MHhrl 

itliyl. 


ETHYL, 
II II 
fCMclT, irJ, A 


1 CMell, 


I'l i 


11 II 

I I 

-t'-t'-II 

A i 


Molecular weight s=58. Molecular volume m . 1 litre of 
ethgl goM iPcighe 29 crithe, BoiU at about — 23 ® C. 

By digcBtisg together in a cIobo vcbbcI at 120® 
otbylic iodide and sine, tbo reaction being similar to that 
between bydriodic acid and zinc:— 


Zu 

+ 

2m « 

Zal, + 

1 ir 



Oydriodis 

acid. 

Zif^ 

iodidffi 

V 

HTdrogtB. 

Zn 

+ 

2£tl = 

z«i. + 

/Et 

lEf 



EtliTlic 

iomu. 

Zinoie 

iodide. 

Ethyl. 
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2. Secondary Radicals. 

Two secondary monad positive radicals arc known : — 
Isopropyl {cMe*II boils at 5S® 

Aniyl-isopropyl ... | ” ” 

rmrL series. 

General formula... (c(c;il.!::;)H; 

The member of this series, vinyl, lia.s not yet been 
isokted. 

ALLTL. 

IC3II, “Mc(CMe'']l)ll; 

11 11 

/ — ^ I i I 

ii_ c— c— u-:-u-c-c— II 


ir II II II II Ji 

Molecular tceiyht =82. Molecular volume I") 1 . 1 litre of 

alljfl vapour weight 41 crithe. Sp.gr. 0'684. Jioilt at 5U°. 

Preparation . — By digesting allylic iodide with sodium, and 
then distilling : — 

Na. + 2C(CMe''H)H,I - { jJI; + 2NaI. 

AUjrlic iodide. Alljrl. Bodio iodide. 

Character , — Bromine and iodine unite directly with ally!, 
producing allylic tetrabromidc and tetriodide. In these com- 
pounds the molecule of allyl plays the part of a tetrad radical. 

In allylic tetrabromide, four latent carbon bonds in the mole- 
cule of allyl have become active^ and have united with four atoms 
of bromine : — 


fC(CMe"H)H, 

tC(CMe'H)H, 


ZAUjI. 


+ 


Br. 


q;C(CH,Br)BrH]If, 

CCC(CH,Br)BrIljH 


All/Uo tetnbroiiiidc. 



u 
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An aniilogouB case is net with in ferric chloride, where two 
tetrad atomSi united by one bond of each, become t<^ether 
bexadic ; — 

PeCl, 

PeCi; 

Allylic monobromide can only be obtained by the action of 
phosphorons tribromide on allylic alcohol : — 

80(CMe"H)HJIo + PBr, « 3C(CMe"H)H,Br 

AUjlio aloohoi. Phoii|)horoni Allylic monobromido. 

tribromide. 

+ POHHo,. 

Phosphorous acid. 


PHENYL SERIES. 

General formula ... | . 

These radicals are but imperfectly known. The following 
have been isolated : — 


Phenyl 

Tolyl... 

Benzyl 


fc.ir, 

IC.H; 

C.H.Me 

[ C.H.Me- 

[Cii.xtyi.)- 


Amyl benaoloramyl phenyl .. 0„lIj(C,TI„) 


iCAy-i 

"jCH 

■ jCH 
OH I 
">OH J 


Amyl toluol or am^l benzyl... C,H/CH,)(C,H„) 




FHENTI. Mun or IADICAL 8 . 


Atnyl xylol C.H.(CH,).(C.II.,). 


FEENTL. 


/C.H. 


H H 


H H 


c=c v-c 

/ \ . / \ 

n_c c — c c-ir 

W // W // 
c-c c-c 


H H 


H H 


Molecular weight =154. Molecular volume I I I . 1 litre of 
phenyl vapour weight 77 critht. Futet at 70“. Both at 


Preparation . — By tlic action of sodium on plicnylic bro- 
mide : — 


2C„H.Br -1- Na, 




Phenvlic bromide. 


Bodie bromide. 


Beaction . — By treatment with bromine, phenyl produces 
bromphenyl and hydrobromic acid : — 

/ 5*^* + Br * =s J j. 2HBr 

IC.H, + lO,lI,Br + 

Phenj^l. Bromphenjl. Hjdrobrofiilo 


Hrdrobromlo 

add. 



1C 
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CHAPTER III. 
POSITIVE BADICALS. 

DYADS. 


ETHYLENE or C, H,, SERIES. 

Preparation . — These compounds are produced as follows: — 

1. In many cases of destructive distillation, where, however, 
the reaction cannot be traced. 

2. By the abstraction of the elements of water from the 
normal mouobydric alcohols of the mcthylic series, as for in- 

. Btaucc : — 

rcir, 

t oil, Ho \ CH, 

Etliylic aloohal. Ethylene. W'ater. 

3. By passing the vapours of the haloid compounds of the 

normal monad radicals of the series over heated lime, 

thus ; — 

|cn, 

\ CI1,C1 “ 1 CH, 


+ OH,. 


+ nci. 


Ethylic 

ohlofide. 


Ethylene. 


Hydroehloric 

•cid. 


4. By the transformation of the monad radicals at the mo- 
ment of liberation from their compounds, when they split into 
dyad radicals and the hydrides of monad radicals : — 

fC(CH,)n, 

tC(CH,)H, “ ICH, + 

Ethyl. Eibylcnc. 




OH,- 


Eihyho 
hydnde. 

5. By the action of the iodide of a monad radical on the 
sodium compound of a monad radical : — 

(ot|i + (c^Na “ +"{oh) 

Bpdie Ethylene. 


fCH, 

tCH.- 

Sthyllc 

hydride. 



STHYLINE SERIES. 


17 


6. Methjlic iodide and allylic iodide dissolved in ether and 
digested with sodium in sealed vessels produce methyl-allyl, on 
isomer of butylene : — 


CH3I + 


Methrlio 

iudiae. 


fCH, 

jCH 

’CHJ 


Allvlic 

iodidt*. 


+ Nbj, = 2NaI + 


;CH. 

{CH, 

I OH, 

Methyl-ftllyl. 


7. By the action of zincic ethide on ally lie iodide, eihyl-allyl, 
isomeric with amylenc, is obtained : — 

rCIL 


ZnEt, -f 2 

/CH, 

" CH = 
>CH,I 

Znl, + 2 ' 

.CH, 

' CH or 
^CH,Et 

Zincic 

ethide. 

Allvlic 

iodide. 

Zincic 

iodide. 

Ktlijrl-.! 




CH 

CH, 

CH, 

CH. 


8. By treatment of vinylic bromide (brominaled ethylene) 
with zincic ethide, ethyl- vinyl, isomeric with butylene, is pro- 
duced : — 


2Sn£t^ 


Zincic 

ct.hide. 


+ 2(21,%= Z.Br, + 

Vinylic Zincic 

bromide. bromide. 


/ "CH nr 
I OH,Et 




Btliyl-vinyl. 


CH 

CH, 

CH, 

CH.. 


Mcthyl-allyl differs from ethyl-vinyl. 

Character , — The lower members of this series of dyad radicals 
ire gaseous, the higher solid, and the intermediate ones liquid. 

The following list includes the known dyad radicals of this 
eries, together with their fusing- and boiling-points : — 


Boiling- 


Ethylene 

. C,H, 

poini. poini. 

Propylene 

C,H. .. 

... iVs 

Pseudobutylene . . . 

O.H. ... 

.. 70 

Isobutylene 

C.H. ... 

... 50 

Butylene 

C.H. ... 

... -f 30 

Amylene 

C.H„ ... 

... 35 0 

Hexylene 

C.H., ... 

... r. 39*0 


VOL. II. 0 
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OBOANtC radicals. 


BoiUng* 
point point 


Heptylene or (Enanthylene.. 

. 


650® 

Octylene or Caprylene 

C.H„ 


950 

Nonylene 

C.H„ 


125 

Paramylene 

• CioHjo 


— 

Cetene 

C,.H„ 


— 

Cerotene 

. C„H.. 

57^ 

275 

Melene 

• ^30®eo 

62 

375. 

Beactions, — 1. The dyad radicals of this 

series 

all unite 


directly with chlorine, bromine, and iodine, producing com- 
pounds which, in the case of ethylene, are represented by 

fCH,Cl fClLBr fCH,I 

t CIl.Cl \ CH.Br t CI1,I- 

Ethrlemo Ethjlenio Ethylenio 

diohloride. dibroiuide. dtti^de. 


These compounds, when treated with alcoholic solution of 
potassic hydrate, lose one molecule of a hydraeid, thus : — 


( 


CH,C1 

CH,C1 


Ethylenio 

diuhloride. 


+ KUo 

EotfMMO 

hydrate. 


+ {oifci + 

PotMHiic Vinylic ehlnride. Water, 

chloride. or chlunnatad 

etliylidene. 


The mouochloriuated radical thus obtained again unites with 
two atoms of chlorine, producing chlorinated ethylidenic di- 
chloride, 


CIICICI 
CH,C1 » 


which, by further treatment with alcoholic potash, yields dichlo- 
riuated ethylidene ; and so, by alternate treatments with chlorine 
and potassic hydrate, ethylene becomes transformed into tetra- 
chlorinated ethylidene. The following formulas show the first, 
intermediate, and final compounds : — 


II 


fOH. fCH,Cl f'CH fCHClCl f 
t CH. t CU,C1 t CH,C1 t CH,C1 \ 

JCHCICI f"CCl fCClCL fCCl, 

toaaci IcHci, \CHcia I'ccr 


OHOCl 

"CH 
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Tetrachlorinated etfajlidene absorbs two additional atoms of 
chlorine, producing the solid dicarbonic hexachloride : — 

fCCl,. 

ICCI. 

Diottrbonio henohloridt*. 


2. The dyad radicals of the ethylene series can be transformed 
into the monad radicals from which they are derived If ethylene 
be digested with hydriodic acid for 60 hours at 100® C., it is 
transformed into ethylic iodide : — 


{gJ: ^ HI = 

Ethykne. Hydriodiu 
'aoid. 


fCH, 

[CH,r 


Bthylio 

iodidu. 


From this, ethyl may be prepared, as shown at p. 12. 

Isomerism of ethylene and ethylidene compounds . — The chlorides 
of the dyad radicals are isomeric : — 

1. With the chlorides of the monochlorinatcd normal monad 
radicals. 

2. With the chlorides derived from the aldehydes, which, 
however, are identical with the chlorides of the monochlorinatcd 
normal monad radicals : — 


fCH,Cl 1 

1 OH,Cl 1 

rcH, 

1 CllCL 

JCII, 

1 CHui; 


Sthrlenio Ethylidenio dichlo- 

diohioridc. ride (obtained from 

aldobydo.) 

Monoohliirinated 
ethyliu chloride. 


These substances, when 

treated with alcoholic potash, all 

yield the same vinylic chloride : — 



/ OH3CI , TTXrrt 

|CH,C1 “ 

f "CH 
\CH,C1 

+ OH, + 

KCl. 

Ethrleiiio Potamic 

diobloride. hydimte. 

Vinylic 

chloride. 

Water. 

PotMuie 

chloride. 

{oHbl, + ■ 

Monoohlorinatod PotwMie 

othjlio chloride, or hydrate. 

KUiyiideiiio didUo- 
ride. 

/"CH 
“ ICH,C1 

Vinylic 

chloride. 

+ OH, 4- KCl. 

Water. Potaaaio 

chloride. 


But certain compounds of ethylene yield paralactic acid, 
whilst the corresponding compounds of ethylidene give lactic 

c2 
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acid. The boiling-points of their chlorides also differ, etby- 
lenic dichloride boiling at 85°, whilst ethjlidenic dichloride 
boils at 64*° ; on the other hand, ethylenic oxide boils at 13°*5, 
whilst ethylidenic oxide (aldehyde) boils at 20°. 

The oxides of the dyad radicals are isomeric ; — 

1. With the corresponding aldehydes. 

2. With the alcohols of the vinylic or C*Hft,.iHo series. 

The nature of this isomerism is seen from the following for- 
mulas : — 



Ethyl«*nic 

oxide. 


CH, 

COH 


Aoetic 

aldehyde. 


"CH 

CH,Ho‘ 

Vinylic 

aloonol. 


ETHTLENE. 

11 H 

„ fCH I I 

cu • n-c— C-II 

l CH. 

Molecular tceiffhf =28. Molecular volume rT~i » 1 litre weighs 
14 criths. 

Preparation. — See general methods ({>. 16). 

Reactions. — 1. Decomposed into carbon and marsh* gas by 
passing through a red-hot tube : — 

"(ch: - o". + 

Ethylene. Manih- 

ffM. 

2. Bums in chlorine with deposition of carbon : — 

"{ch’ + = C. + 4HC1. 

Bthylcne. Hydrochloric 

Mid. 

8. Ethylene when agitated with solution of potassic perman- 
ganate is oxidized, oxalic acid, formic acid, and carbonic anhy- 
dride being formed : — 
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C,H, + 0. « 1^-5” + OH,. 

Bthylene. Oxalic Water. 

acid. 

+ 0, = I + CO, + OH,. 

Ethylene. Fonnic acid. CHrlwnic Water. 

anhydridt*. 

Eihylidene, the isomer of ethylene, has not yet been isolated, 
unless the hydrocarbon derived from the transformation of 
ethyl is this body. The constitutional formula of othylideue is 

II 

f CU, H— (!— li 

h4 

u 


ACETYLENE or CJU,., SERIES, 

Acetylene is the radical belonging to this series which is 
best known. The series comprises the following members : — 


Acetylene 

Allylene C3H,. 

Crotonyleiie 

Yalerylene 


These radicals stand in the same relation to the alcohols of 
the vinylic series as ethylene bears to etliylic alcohol. They 
are also probably capable of assuming tetrad functions. 


ACETTLENE. 

H_0-H » 

Molecular weight =26. Molecular volume f TI . 1 litre weighe 
13 crithe. 



22 


OEQAJnO EADICJLLB. 


PreparaUm, — 1. By syntbesiB from its elementa. When an 
electric arc from a moderately powerful voltaic battery passes 
between carbon poles in an atmosphere of hydrogen, acetylene 
is produced. 

2. By the action of water on potassic carbide : — 

-f 20H, * C,H, -f 2 KHo. 

Potawio Water. AoetjLene. Poteaeio 

oerbide. hydrate. 

8 . By the action of heat upon olefiant gas or the vapour of 
alcohol, ether, or wood-spirit, or by passing electric sparks 
through marsh'gas ; — 

2 CH, = -h 3H,. 

Mareh'gae. Aootylene. 

4. By heating the vapour of methylic chloride to low red- 
ness : — 

2 CH 3 CI « C^H, 4* 2IIC1 + H,. 

Methylic Acetylene. Hydrochloric 

chloride. acid. 

6 . By pasaing the vapourof chloroform orer ignited copper : — 
2CHC1. + Cu. = + 3'Cu',Cl,. 

Chloroform. Acetylene. Cuprona 

chloride. 

6 . By the action of calcic carbide upon water : — 

C,Ca" + 20H, = C,H, + OaHo,. 

Oaloie Water. Acetylene. Caldo 

carbide. hydrate. 

7. From vinylic bromide, one of the derivatives of ethylene, 
acetylene may be obtained by the action of alcoholic potash ; — 

C,H,Br + KHo = C.H, + KBr -f- OH,. 

Vinylic Potaeno Acetylene. Potaanc Water, 

hromide. hydrate. bnmiide. 

8 . By the incomplete combustion of bodies containing car- 
bon and hydrogen : — 

4CH, + 30, = 2C,H, -h 60H,: 

llardi-gaa. Aoetylene. Water. 

2C,H, 4 * O, « 2 C,H, 4- 20H,. 

OleSMit fM. Aectylene. Water. 

The crude acetylene, obtained by any of these processes, is 



oovpoiTNog or AdTixsin. 


best purified bjr passing it through an ammoniacal solution of 
cuprous chloride, with which it forms a red precipitate con- 

fo;cu’;ti Cu-Cu Cu-Cu 

tainings 0 . I | I I 

[ C,'Cu'.H H— C— C— 0— C— C— H 


2'Ott',Cl, + 2C,H, + OH, 


C,'Cu’,H 

O + 4HCL 

C.’Cu'.H 


Coproos 

obforide. 


Acetylene. 


CnproRovinylic Hydrochlorio 
ether. ( Acetyl ide eoid. 

of copper.) 


If ethylene has been present in the crude acetylene, the 
liquid containing the red precipitate is next heated to boiling, 
in order to decompose a compound which ethylene forms with 
copper. The cuprosovinylic ether is then collected upon a 
filter and washed. On heating cuprosovinylic ether with 
hydrochloric acid, pure acetylene is evolved : — 


f C H 

io’ ’ + 4HC1 -= 2C,H, + 2'Cn'.CI, + OH,. 

lc;cu',H 

Cnprocorinylio Hydrochloric Acetylene. Cuprous Wster. 

ether. (Acetylido acid. chloride, 

of copper.) 


Beaction9, — 1. When cuprosovinylic ether is heated with sine 
and dilute ammonia, the nascent hydrogen, evolved by the action 
of the zinc upon the ammonia, unites with acetylene, producing 
ethylene : — 


rc.Cu.H 

+ 2H, - 2C,H, + 4Cu + 

OH.; 



Caprooorinylic 

Acetylene. 

Wtirr. 

ether. 

C,H, + H, » C,H.. 



Acetylene. Ethylene. 



2. Acetylene is absorbed by sulphuric acid, producing vinyl* 
sulphuric acid : — 

0,H. 4- SO, Ho, « 

Ao^lene. Bnlpirario 

•eid. 


SO-(C,H,0)Ho. 

Vutyl-an^hnrio 
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8. Acetylene unites with bromine, forming acetylenic dibro- 
mide : — 


+ Br, * X",H,Br,. 

Aoetjlene. Acetjlenio 

dibromide. 

4. By agitating acetylene with solution of potassic perman- 
ganate, oxalic acid is formed : — 

^ on - JCOHo 

ICH + - tcOHo- 

Aoeiylono. Ox&lio add. 

Carbonic anhydride and ormic acid are simultaneously pro- 
duced : — 

"{oil + = (oOHo 


BROKACETTLEKE. 

CJIBr. 

By boiling together dibromethylenic dibromide with alco- 
holic potash, a spontaneously inflammable gas is evolved, which 
is bromacetylcne. 

(cHBrBr “ 0»HBr. 

nibrometbylvnio Hydrobromic Bromaoetylene. 

dihroinidf'. acid. 


:PHEIifTLENE or 8EBIES, 

The dyad radicals of this series are very little known. 
The following have alone been isolated : — 

Phenylene, C,H^. 

Toluylene or Stilbene, C.H«. 
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POSITIVE RADICALS. 

TftlADS. 


These radicals are unknown in Ihe separate state, unless the,Y 
are identical with the dyad radicals of the acetylene scries 



Xci'ty lent*. Fonuyl. 


They are, however, well known in a nuinerous class of com- 
pounds belonging to families which will be studied hereafter. 


CHAPTER IV. 

OKOAXIC RADICALS 

Class II. 

NEGATIVE BAD 1 CALS. 

Every positive radical may be looked upon us the source of a 
negative radical, w'hich is generated by displacing a portion of 
the hydrogen of the former by oxygen. Thus : — 


Ethyl 

i C,I1. 
tc,H. 

yields acetyl 

J 0^1.0 

1 0^1.0- 

Allyl 

;c3». 

IC.H. 

„ acryl 

fO,H,0 

lC,H.O- 

Ethylene 


„ glycolyl 


Propylene 

(C.H.)" 

„ lactyl 

(C.H.O)". 



„ malonyl 



The constitution of the so-callcd compounds of these negative 
radicals may, however, be more simply explained from another 
point of view ; and, in fact it will rarely be necessary for us to 
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recognize the existence of more than two negative radicals, in 
order to understand the whole range of negative organic corn* 
pounds. These are : — 


Cyanogen | 




r yrdiatyl, the molecule , 

of which is diy {cOHo- 




oxalic acid. 


o=c — c=o 

i i 


H 


9 These two radicals are the acidifying principles of nearly all 
organic acids ; they are, therefore, highly important compounds. 
The semimolecule of each consists of an atom of carbon, one 
bond of which is free to combine with other elements or groups 
of elements, the other three bonds being saturated, in <^ano- 
gen by triad nitrogen, and in oxatyl by one atom of oxygen 
and one semimolecule of hydroxyl. In the molecules of both, 
the two free bonds of the carbon saturate each other. 

These radicals are closely related to each other. Thus, if 
cyanogen be dissolved in water, it is soon transformed into 
ammonic oxalate ; — 


pjmnogan. Water. 


CO(N’B.O) 

CO(N''H.O)‘ 

Ammonio oxalate. 


In the presence of potassic hydrate, cyanogen evolves ammonia 
and produces potassic oxalate : — 

{gg: + 2KHo + 20H. - (ggg + 21fH.. 

CyaaQgea. PolMaio Water. PotaMto iMWiia. 

hydrate. oxalate. 


!From these salts, oxalic acid, or the molecule of oxatyl, may 
be readily obtained by the action of sulphuric add. 
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In the conyerse manner, oxatyl may be converted into cya- 
nogen, by transforming it into ammonic oxalate and submitting 
this salt to the action of heat : — 


fCOCN’H.O) 

tcO(N’H.o) 

« 4011, 

. fCN'" 

+ \CN"’- 

Abu&oiuo M^alate. 

Water. 

Cyanogon. 


CYAKOOEK. 

i ) ^ * 


f CN'" ^ 

{ CN"' 

Molecular weight =52 Molecular volume rn 1 litre weighs 
y 26 crtthe, Fueee qt -rSt®. Boile at —20® 7. 

Occitrrenee , — Amongst the gases of blast furnaces, — a proof 
of its withstanding an extremely high temperature. 

Preparation. — By the action of heat on mercuric cyanide : — 

Hg + Cy, ' ' ' 

Cy»nog«ii ^ • 

, , / ^ ' 

This equation only partially expresses the reaction, as a brown ,, 
non-volatile compound (paracyanogen), Cy„ is simultaneousljr/ 


HsCy, = 

Merctmo 
ejMude. 




Li 


; / i t %/»* 


produced. 

J2cac<iow.--3t!yanogen unites directly with potassium 
Cy. + K. - 

CjMiogeii PolB«rio / ^ 

i4' 


Ac ^ 







weight =27. Molecular volume i l l . 1 Utreofhg- 
drocyanie acid vapour weighs 18*5 erithe. 8p. gr. of liquid 
0*7058. Fusee at —15®. BoUs at 26®*5. . 





/; 




^-// ,3-j) //-NSC, 

j^^^^reparatum. — 1. In the anhydrous condition, by passing 
£%drQSi4phuric acid over mercuric cyanide : — 

^ ^*"HgCy, -f Sir, = HgS" + 2HCy. 

1 9 Merouno Sulphurftted Mprcurio Hjdroc^nic 

4? hydrogen. sulphide. acid. 

. -ZMifi. By distilling potassic cyanide, or ferrocyanide, with dilute 
* sulphuric acid : — 

^'*'^2KCy + SO,Ho, = 211Cy + SO,Ko,. 

tj(*> *^'*Pota«iio Sulphuric Hydrocyanic Potaaano 

cyanide. acid. acid.. sulphate. 

3. By passing nitrogen over an ignited mixture of potassic 
carbonate and carbon : — 

COKo, + C, + N, = 2KCy + 3CO. 


Potassic 

oarlionate. 


Potassic 

cyanide. 


Carbonic 

oxide. 


The potassic cyanide thus formed is then treated according 
to process No. 2. 

4. By heating together an alcoholic solution of ammonia, 
chloroform, and potassic hydrate : — 

NH, -h CIICI, -f 3 Kilo = 3KCI -h NCII + 30H,. 


Ammonia. Chloroform. 


Hydrooyamo 

acta. 


I Beactionn. — 1. Hydrocyanic acid in contact with water slowly 
passes, partly into amnionic oxalate as mentioned at p. 26, and 
partly into an\mouic formate: — * </ »/ Jk 

''r ' 26 rt ‘^* 1 ^ 

+ .lOll, - I C0(N’H,0). 


/V n ♦ 

NCll 




+ NH,C1. 


Hydrocyani 

sold formate. 

2. If hydrocyanic acid be mixed with concentrated hydro- 
chloric acid, formic acidjuid ammonic chloride are produced: — 

NCH + 2011, + HCl = 

H yd roc y mo Water. Hydrochloric Formic , 

acid scid. in>idj ohlonds. 

8. The displacement of the hydrogen in hydrof^anic acid by 
metala gives rise to a very extensive series of single and double 
cyanides. The following is a list of the most important of 
these oompoun ^ y / 
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Single Cyanides, .. y 

Fotassic cyanide KCy. 

Zincic cyanide ZnC^y,. 

Cadmic cyanide CdCy . 

Nickelous cyanide NiCy,,. 

Argentic cyanide AgCy. 

Mercuric cyanide HgCy.^ 

Aurous cyanide Aut^y. 

Cuprous cyanide 'Cu' .Cy„. 

'Ferrous cyanide Xa* 1 ' 

'Cobaltous cyanide GoVy.^. 

Double Cyan idea. 

Dipotassic zineic tctracyanide K^Zn", Cy^. 

Dipotassic cadmic tctracyanide Kj^Cd", C}%/!:. ‘ 

Dipotassic nickelous tctracyanide K^Ni", Vy ^. , , 

Potassic argentic dicyanide / 

Fotassic aurous dicyanide KAu, Cy,^. 

Fotassic auric tctracyanide KAu'", C’y^. 

Dipotassic cuprous tctracyanide K./C^u'.^, Cy^. 

Dipotasssic platinous tctracyanide Vy^. 

Tetrapotassic diplatinic decacyanide Kj,'Ft"'j,(^y,f,. 

Tetrapotassic ferrous hexacyauide. (Po- 

tassic fcrrocyauide.) K^, TV'Cy^. 

Hexapotassic diferric dodecacyanide. (Po- 
tassic ferricyanide.) K„, 'Fo"'3Cy,j,. 

Hexapotassic dicobalt ic dodecacyanide. 

(Potassic cobalt k^j^anide.) K,, 'Co'"5,Cy,,. 

Hexapotassic dichromic dodecacyanide .. K,., '(V"j,Cy,a. 

Hexapotassic dimanganic dodecacyanide .. Kp'Mn"'j„ (^y,a. 

The cyanides of the alkali metals when fused in contact with 
air, absorb oxygen, producing cyanates ; — 

KCy + O == CyKo. 

PotMffic PotaMlC 

cyanide. cyanatc. 

Some of the single cyanides, as potassic cyanide, are readily 
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[decomposed hj acids ; others, as ferrous and aurous cyanides, 
may be boiled with moderately strong acids without decom- 
I position. 

* Most of the insoluble single cyanides dissolve in solutions of 
the alkaline cyanides, forming double cyanides. Some of these 
double compounds, when acted upon by hydrochloric acid, evolve 
hydrocyanic acid, producing chlorides of both metals, as in the 
case of dipotassic zincic tetracyanide. These are called eankf 
decomposable cyanides, and are indicated in the above Table by 
the comma being placed between the cyanogen and the metals. 

Other double cyanides do not evolve hydrocyanic acid 
under the influence of hydrochloric acid, but produce a 
chloride of one of the metals, the remaining elements of the 
compound uniting with hydrogen to form a complex acid. In 
the above Table the double cyanides of this class are indicated by 
the comma being placed between the metals. 

The most important of these double cyanides are the po- 
tassic ferrocyanide Te^'Cy,, and the potassic ferricyanide 
K,Te-,Cy,, 


POTASSIC FlBBOCTAiriDE. 

K„Fe"Cy.orK,Cfy. 

Freparation, — 1. By placing a mixture of iron filings and 
solution of potassic cyanide in contact with the air, oxygen is 
absorbed and potassic ferrocyanide produced : — 

'^FeN+ 6KCj- + OH. + O = K.Fe"t>. + 2KHo. 

PotMiio PoteMic PotMiio 

cyMude. ferrocyaAide. hydrate. 

2. By digesting potassic cyanide with ferrous sulphide : — 

FeS" + 6KCy = K.FeTy, + SK,. 

IWoaa Potaeaio Potaaao PoCaarie 

■a4>lude. oyamde. ferrooyaaide. aalplnde. 

3. On a manufacturing scale it is prepared by fusing nitroge- 
nous animal matter with potassic carbonate’and iron filings in 
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iron YesBola, lixiviating the resulting mass with water, and crja- 
tallizing. 

Beaotiom, — 1. Potassic ferrocyanide» when fused with po- 
tassic carbonate, forma potaasic cyanide and cyanate : — 

FeTy,K, + COKo, « 5KCy + CyKo + Fo + CO,. 

PoiaMio PotMwe PotoMUc PotMKio Ourbonio 

ferrm^uude. oarbonato. cyauide cyaiiatv. anhydride 

2. By mixing solution of potassic ferrocyanido with ether and 
hydrochloric acid, hydroferrocyanic acid is precipitated : — 

Fe"Cy,K, + 4HC1 « 4KC1 + Fe"Cy,H,. 

Potasaio Hydrochlorio PotaMio Hydroffrroojanio 

ferrooyanide. aoid chloride. add. 

8. Potassic ferrocyanido produces, with solutions of ferrous 
salts, a light-blue precipitate, which rapidly becomes dark blue 
in contact with the air : — 

FeTy,K, + SO.,Feo" = Fe'CyeFe'K, -h 80,Ko,. 

Potasato Forroua Light-Mue PotaMir 

ferrooyamde. inlphate preoipitatc. aulpbato. 

4. With ferric salte it gives prussion blue : — 

8Fe''Cy,K, + 2Pe,Cl, = 3Fe''Cy„ 2'Fe'",Cy. + 12KC1. 

Potaaaio Ferric PruNian blue. Potaaeic 

lerrocyanide. ohlondc. chloride 

6. With cupric salts it gives a red precipitate of cupric ferro- 
cyanide : — 

K,Fe"Cy, + 2SO,Cuo" = Cu",FeTy. + 2SO.,Ko,. 

Potaano Cupnc Cupric 

Rrrooyaiude. aulphate ferr(X7anlde. aulphate. 

POTASSIC FEBBICYAKIDE. 

K„Te";Cy„orK,Cfdy. 

Freparation , — By the action of oxidizing substances, such as Am 
chlorine or nitric acid, on potassic ferrocyanide : — ^ ^ * 

2K,FeTy, -h Cl, = K.Te'",Cy„ ^ 2KC1. 

Poteaaio Potaaeio Potaaaio 

firroojBiiide. ibmojranida. afahinda. 
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Beaction , — Potassic ferricyanide produces no precipitate with 
solutions of ferric salts, but causes a deep-blue precipitate with 
ferrous compounds : — 

K;Pe'^,Cy,, + BSO^Feo" = Pe";Fe'",Cy,, + 8SO,Ko,. 

Potamio Ffliroiu lulphate TurnboU'i blue. Fotaaaio 

femoyanide lulphate. 


. / 


QTHEB C0UP0Xnn)S OF CTANOaEN. 


There are three isomeric chlorides of cyanogen 

' "CyCl. Cy.Clf. Cy,Cl../^/: 

Gmooub Liquid. Bohi 


^ « 


The molecular volume of all three cyanic chlorides is fTI * 

1 litre of gaseous cyanic chloride weighs .... 30'75 criths. 

1 litre of vapour of liquid cyanic chloride weighs 61*5 „ 

I litre of vapour of solid cyanic chloride weighs 92'25 „ 


Cyanogen produces, hydro\}l, three isomeric acids and 
an isomeric neutral body : — 


Cyanic acid 
Cyan uric acid 
Fulminuric acid . 
Cyaraelido 


CyOII or CyHo. 

C} ,0,11, or CygHo,. 
Cy,0,H3 or Cy,Ho,. 
Cy„‘0„U,. or Cy„Ho,.. 


When potassic cyanide is boiled with sulphur, the latter is 
dissolved and the solution contains potassic sulphocyanate : — 


CyK + S = CyKs. 

PotOMMC PotaSMC 

cyanido nulphocraiiute 


» e 


This compound produces with ferric salts a blood-red colour. 
^ /c ^ ^ ' C* ' ^ ^ ' 


0XAT7L. 

rcoHo 

ICOHo- 

This radical, in the isolated condition, constitutes diy oxalic 
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OXATYL. 

acid ; and in combination with hydrogen and other radicals it 
enters into the composition of nearly all organic acids. Acids 
containing one seinimolecule of oxatvl are monobasic, those 
containing two are dibasic, and those containing three are tri- 
basic. 

The relations between methyl, oxatyl, and cyanogen are very 
simple : — 


H H 


H— C- 


I 

II 



icii; 


11 


Mah>l. 




-c- 

V.. 




CN'" 

ON'"' 


Cysiio|{f»n. 


o=c- 


-c^o 


o 

.I 


COHo 

COJlo- 

Oxtttyl. 


Ill meth}l the two carbon atoms are united together by ono 
bond of each, the remaining three bonds of each atom being satu- 
rated by three atoms of hydr(»gen. In eyanogen the earbon 
atoms are united in tlie same manner, but the ihreo remaining 
bonds of each earbon atom are saturati'd by triad nitrogen ; 
whilst ill oxatyl the three remaining bonds are saturated with 
the dyad element ov^gcii and the monad radical hydroxyl, 
Oxatyl lias not Ixm united with chlorine to produce oxatylic 
chloride (COHoCl); nor has its hydrox}! been replaced by 

chlorine to form AVlien treated with phosphoric 

chloride, it yields carbonic oxide and carbonic anhydride : — 

{coHo + = CO + CO, + 2na + poci,. 

OxatyL Phoiihonc Carbmic ( nrlKuui- Ilydrorhlonc PluMiphorw* 

chloride. oxide anhydride acid. ox> trichloride^ 
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OXALIC ACID. 

{c0IIo’2OW. (crystallized). 


Occurrence . — Jn the form of thehydricpotassicsaltin Oxalic 
acetoseVa. and in tlie form of different salts in many other 
plants, and also in the animal organism. 

J^reparation. — 1. From its elements through the medium of 
potassic cyanide. (See pp. 2(5 & 28.) 

2. By passing carbonic anhydride over heated sodium : — 


2CO^ 4- Ka, 

CArbonir 

nnlndridt* 


J CONao 
t CONao* 

Sodic oxalate*. 


3. By the oxidation t)f a large number of organic compounds. 
Most organic substances are converted by oxidizing agents 
into oxalic acid before their final transformation into earbouic 
anliydride anduater: thus sugar is transformed into oiuilic 
acid by the action of nitric acid. 

4. liy heating sawdust with a mixture of potash and soda, 
oxalates of tlu'se bases nr(‘ formed. 

Trans/onnations, — 1. By the action of heat, oxalic acid is 
transformed into carbonic anhydride and oxatylic hydride, or 
formic acid : — 

7COH0 ^ CO 4. 
tCOHo “ tCOHo* 

' Oxalic.aoid. Carbonic Formio acid. 

» ♦ ' anhydride. 

► ' * 

portion of the formic acid is at the same time decomposed 
into water and carbonic oxide : — 

{OOHO - + OO- 

Fonnic odd. Water. Carbonic 

oxide. 


2. Substances having a strong attraction for water, such as sul* 
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SS 


= CO + CO, + OH,. 


phuric acid, transform oxalic acid into water, carbonic oxide, 
and carbonic anhydride : — 

jCOHo 
tCOIIo 

Oxalic acul. Carlionic ('arbonic Water, 

oxide. anhydride 

3. Heated with an excess of alkali, oxalic acid (or an oxalate) 
yields hydrogen and a carbonate : — 

iolIK + 


+ n,. 


PotaMMlO 

oxalate. 


Potamno 

hydrate. 


Potawiic 

narbunaU' 


4. ArRcntic oxalate explodes when heated, jirodueing silver 
and carbonic anhydride : — 

fCOAgo _ . 

tCOAgo + "'S.- 


Arffcntu* 

oxalati*. 


Carlwniic 

anhydride. 


Salts of Oxalic acid . — Oxalic ac‘id forms three scries of salts 


Normal. 

f COKo 
t OOKo- 


CO 

CO 


Bao" 


Acid. 

JCOHo 
( COKo' 

rcoHo 
1 CO 

^ Bao" . 

1 CO 

l^COJTo 


Su|x>racid. 

J COHo J COHo 
I COKo’ iCOlIo' 


OXAMIC ACID. 

fCO(K'"H,) fCOAd 

\COHo \C()IIo' 

Preparation . — By heating hydric ammonic oxaUtc to 230® : — 

fC()(N'H,0) _ /COfN-'H,) 

I COHo “ \COHo + 

Hjdrie ammonic Oxanuc acid. Water, 

oxal^. 

Beaction , — By boiling oxamic acid with water it ia retrans- 
formed into hydric ammonic oxalate. 

n 2 
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OXAMIBE. 


•CO(N'"H,) 


or 


fCOAd 
t COAd- 


Preparation.- 


-1. Hy distilling normal ammonie oxalate : — 


f CO(N''H.O) 

1 

Normal nmmonic 
oxaliiU'. 


== 2011, 
Water. 


fCO(X'"H,) 

Oxamide. 


2. By acting upon eiliylic oxalate by ammonia : — 
fCOEto _ JCO(N'’'H,-) 

ICOEto + “ - 

Ammonia. 


Kthylio 

oxalate. 


1CC)(N'”1I,) 

Oxamide. 


+ 2EtHo. 

Alcohol. 


liractionB. — 1. Oxamide, wbenlioa1(‘d with phosphoric anhy- 
dride, evolves cyanogen : — 

fCO(N"'lI,) _ oott -t. 

\C 0 (X’"I 1 ,) ~ + |cx"'- 


Oxamide. 


W'ater. 


('yanogen. 


2. Dilute acids convert it into oxalic a(‘id and ammonie 
salts : — 


(oS<x"'3;) + 

Oxamide. Sulphune acid. Wat<T. 


[ COHo 
[ COHo 

Oxalic acid. 


+ S(>.(.VJT,OV 

Amniotuc HUl|i}iate. 


By distilling tlio o\aliitfs of tlie coinj)ound ammonias instead 
of ammonie oxalate, eompound oxamides are obtained : — 


fCO(N'MeH,()) 

\O0(N'']Slell,O) 

Methylammonic oxalate. 

rco(X’Phii,()) 

lC0tN^PhU,0) 

Phenylanunonic oxalativ 


20H, + 

Water. 

2011, + 
Water. 


;C()(N''MeIl) 

JDimeth rloxamide. 

/CO(N"PhJl) 

tC()(N"ThH)- 

niphenjloxamMle. 
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CHAPTER V. 

HYDRIDES OF THE ORGANIC RADICALS. 
This family is divided into tvio classes — 

Class I. Hydrides of the Positive Radicals. 
Class II. Hydrides of the Negative Radicals. 


Class I. 

IITDBTBES OF TIIF FOSTTIJF BABICALS. 
Two series of li} dridcs belonging to this class are well kuoRn , 
they are : — 

1. Hydrides of the Radicals of the Metli)l sorios. 

2. Hydrides of the Radicals of the Phenyl series. 


1. HTDBIDFS OF THE BADICALS OF THE 
METHYL SERIES, Marnh^gas or Scnet, 


Tlierc is some difference of ojiinion as to m lietlier these com- 
pounds are identical or isomeric iiith the radicals of the methyl 
series. Thus methyl and eth}lic hydride both contain C^H„ 
and ethyl and butylic hydride both contain graphic 

formula* exhibit no difference beU\ecn these pairs of bodies re- 
spectively. Thus ; — 


« H * H 

I I 

H C C— H 

JCeUijI or rtlijhc bjdride. 


<• II H H H 

II ('■— (■ C-J— H 

il il ■ u 

Ethyl or butylio hydride. 


These formula* do not show us whether the molecule of 
methyl or ethylic hydride w’ill separate at a and so be represented 

by the formula | or at h and so be written thus, 
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{ CH* * whether the molecule of ethyl or butylic hydride 
will separate at c, and so be formulated | 
when it should be represented by | • Some experi- 


ments in connexion with this subject appear to show that these 
compounds are isomeric. 

A difference between methyl and ethylic hydride can only 
he conceived on the supposition that the four bonds of carbon 
have not equal values in combination, an hypothesis which is not 
altogether unsupported by facts. 

Preparation. — 1. There is only one process of general applica- 
tion for preparing these hydrides ; it consists in bringing water 
into contact with the zinc compounds of the respective radi- 
cals : — 


+ 2011, = Znllo, + 

Zinc com)x>und Watt*r. Zmeic Hydride of 

of radical. hydrate. radical. 


The corresponding compounds containing more positive 
metals might doubtless be substituted for those of zinc. 

2. There are several special proct'sses which may be used for 
preparing these hydrides. Thus all the hydrides above that of 
methyl may be obtained, together w'ith the corresponding dyad 
radical, by acting upon the iodide of the monad radical by 
zinc : — 

+ Zn = Znl, + C.H». + { 

Iodide of the monad Zincic Drad Hydride of 

radioal. iodide. raoioal. moned radioaL 


Methylic hydride, or marsh-gas, is produced during putre- 
faction, and by the distillation of potassic acetate with excess 
of potassic hydrate. 

The destructive distiUation of coal and of allied substances 
also furnishes a large number of the members of this series. 

Okaraeter. — They are all distinguished by their great chemical 
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indifference, and by their forming substitution compounds con- 
taining chlorine, bromine, <&e. 

The following list contains the hydrides of the monad radicals 
hitherto studied : — 


Methylic hydride, or Marsti-giis 

... MoH 

or C n. 


Ethylic hydride 

... Kill 

or i\ 


Propylio or tritylic hydride 

... Prll 

or 1 3 


Diitylio or tetrylic hydride 

... Dull 

or (\ H,„ 

slightly above 0® 

Ainylie or pent > lie Indride 

... A^n 

or JI„ 


llex^lie or caproylic hydride 

... CpII 

or C. H.. 


Ileptylic hydride 



WL 04® 

Ootylic hydride 


t’.n,. 

11(1-118® 

Eonylic hydride 




Decatylic liydride 



1(K)-102® 

Endecatylie hydride 


('nil,. 

180 184® 

Dodecatylio hydride 


('lalla. 

llKl-lKKr 

Tridocatylio hydride 


(’.,,11„ 

210 218“ 

Tetradeeatylif hydride 



2iMV-24(r 

Pentadecatylie hydride 


('isllaa 

255-2(10® 


JfETHYLIC HYDRIDE, Marsh-gagy Light Carhurctted 
llgdrogeny Fire-damp. 

CH, or MclI. 

MoUseuUir weight =1(5. Molecular volume n~1 . 1 litre weight 

8 critht. 

Occurrence. — 1. Asa product of the decomposition of orga- 
nic substances out of contact with air. 

2. Evolved in coal-mines. 

8. The gas of the mud-volcauo at Bulganak in the Crimea is 
nearly pure marsh-gas. 

Preparation. — 1. By the action of water on zincic methide. 
(See general reaction, p. 38.) 

2. By distilling two parts of potassic acetate, two of potassic 
hydrate, and three of lime : — 

{cSko + 

^ PotMme PolMtto PoUMio 

hjdnlbt. carbonftto. hjdnd«. 
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8. Bj the reduction of carbonic chloride or of chloroform 
with sodium amalgam and water : — 


on, 

+ 


= 4HC1 + 

CH,: 

CarlKmic 

oliloridc. 



Hydrochloric 

acid. 

Methylic 

hydride. 

CHCl, 


H. 

= .3HC1 + 

CH.. 

Chloroform. 



Hydrochloric 

acid. 

Methylic 

hydride. 


4. By passing carbonic disulphide and hydrosulphuric acid, 
or carbonic disulphide and steam, over ignited copper : — 

C8", + 2SH, + 4Cu = 4CuS" + CH,. 

Carbonio Cuprio Moth^lio 

diaulphide. hydrctgon. aulphide. hydnde. 

5. By tlie destructive distillation of organic substances, such 
as wood and coal. 

Ileactiotis. — 1. When e(|Uttl volumes of methylic hydride and 
chlorine are exposed to ditfuscd daylight, methylic chloride is 
formed : — 

CH, + Cl, = HCl 4- CH,C1. 

Hydroohlorio Mpthrlio 
hydndc'. * acid. chloride. 

2. When methylic hydride is jiassed through a red-hot tube, 
hydrogen, ethylene, acetylene, and cthylic hydride are pro- 
duced. 


ETHYLIC HTDRIBE. 

C,H, or CMeH,. 

Molecular weight =80. Molecular volume fTI * 1 weighs 
15 crithe. 

Preparation, — 1, By the action of water on zincic ethide 
(see p. 88). 

2. By the action of ethylic iodide on sodic ethide, ethylene 
being simultaneously produced : — 

OMeH,Na -f CMeH,I « Nal + + OMeH,. 

Sodic cthidc. SOiTlio Sodio SlbjleM. Elhjiie 

lodi^ iodide. hjdrida. 
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Beaetums. — 1. When equal volumes of ethylic hydride and 
chlorine are exposed to diftused daylight, the following action 
takes place : — 

CMeH3 4- CI3 «= CMpTI,C 1 + HCl. 

Ethylic ^ EthTho llyilnichlorio 

hydndo. chloride. acid. 

A small portion of the body CMellyCl is ordinary ethylic 
chloride, which is a liquid, boiling at 12^*5 ; but the rest is a gas 
which does not condense at —18®. 

2. When a mixture of two volumes of chlorine and one of 
ethylic hydride is exposed to the action of diftused daylight, an 
oily liquid having the composition of clh)lcuic dichloride is 
formed : — 

CMCII3 4- 2CI3 = CJIA + 2IIC1. 

Ethylic llydrochloric 

hydride. acid. 


AMTLIC HTDRIDE. 


or CBuJl.,. 

Molecular wei(jht «72. Molecular volume | _L |. 1 litre of 

amylic hydride vapour u'Chyhs 3G crithe. Boils at 30®. 

Occurrence , — In petroleum and coal-oil. 

Preparation . — By digesting zinc and amylic iodide with 
w^ater or alcohol at 100®; — 


2CBuHJ 4- 2Zn -h 

Amylic 

iodide. 

4- ZnliOj, 

ZifiHc 

hydrate. 


2011, = 2CBuH, 

Water. Amylic 

hydride. 

+ Znl,. 

Zinoto 

iodide. 


PARAJm. 

This body is produced, together with numerous other com- 
pounds of a like nsture, by the destructive distillation of bog* 
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head coal and similar substances. It is also found in petroleum 
and asphalt. Chlorine has no action upon paraffin in the 
cold; but if it be passed into melted paraffin, the latter 
is slowly attacked, hydrochloric acid being evolved. In 
this reaction paraffin resembles the hydrides of the monad 
radicals, and differs from the dyad radicals, to which class it 
was formerly considered to belong. In the formula C^Hj^^sfor 
paraffin, the value of n has not yet been satisfactorily deter- 
mined ; in fact it is probable that several distinct hydrides of 
the class now under consideration are confounded under this 
name. 


2. llTDlilDES OF THE EADICALS OF THE 
FIIKKTL SEliJES, 

The following six members of this series are known, viz. : — 

Boilint;- 

FormubD. jmiiiUa. Bp. gr. 


o 

Pontol C. (K)-() 

Bou7,o1 O, H„ HO f. 0-85 

Toluol C,1I, 1100 0-87 

Xylol C.H„ 128-5 

Cuinol C.H„ 148-5 087 

Cyniol C,„H„ 171-4 086 


Preparation. — 1. Tlieso liydridex are produced by the dintilla- 
tiou of the alkaline salts of the acids containing the same posi- 
tive radicals, -with excess of potassic hydrate : — 

(ooKo- + {h®--- 

PolMsie Mklt. P«C«Mic PotMuc Hydride of 

hydrate. oarbonate. radio^ 

2. By the destructive distillation of various organic sub- 
stances, such as coal. 

Methyl-phenyl, C^H,Me, is ordinary coal-tar toluol. 

Ethyl-phenyl, C,H^Bt, is not xylol from coal-tar; it boils 
at 135^, six or seven degrees above the boiling-point of coal-tar 



HYDRIDES OF RADICALS OF THE PHENYL SERIES. 43 


zjlol. Ethyl-phenyl produces a nitro-coinpound which can be 
distilled; it boils at 233®. Ethyl-phenyl, when oxidized by 
chromic acid, gives benzoic acid and carbonic anhydride, while 
zylol gives terephthalie acid. 

Xylol from coal-tar is dimethyl-benzol or methyl-benzyl, 
C^H^Me^. It may be produced by the ai*tion of bromotoluol 
upon methylic iodide in presence of sodium. 

Diethyl-benzol, by oxidation with chromic acid, gives water, 
carbonic anhydride, and terephthalie acid: — 

C,H,Et, -h 120 = C„ll,(CX)llo), + 2C0, -h 4011,. 

Diethyl benxol. Tt‘rf>phthalu« lu'ul. 

Oxidized 'n'itli dilute uilric acid, it givcH ethylbenzoic acid : — 
+ tiO = C„n,Et(Ct)Ho) + CO, + 2011,. 

Diethyl-bfnsui. Klliyl-ltonzoie at'u! 

Cymol from cumin oil and from camphor are isomeric. 
Methyl-xylol or trimethyl-bcnzol, is the cumol of 

tar. It boils at 105®-1GG®, and gives a compound with bromine 
fusing at 72°-73®. 

Ethyl-xylol, dimethyl ethyl-benzol, CjillgMe^Et, boils at 183®~ 
184®, and by oxidation gives acetic acid and an acid resembling 
terephthalie. 

Properties . — These hydrides are distinguished from those of 
the radicals of the series by lieing less indifferent to 

chemical agents. By treatment with strong nitric acid they 
yield nitro-compounds : — 

Thus Pentol, C, 11^, gives nitropcntol, C, H, ? 

„ Benzol, C, H^, „ nitrobcnzol, C, llj 

„ Toluol, „ nitrotoluol, C, IL, (N^O,). 

„ Xylol, C, „ nitroxylol, C, H, 

„ Cumol, C, H,„ „ nitrocumol, C, 

„ Cymol, „ nitroeyrool, 

Under the influence of reducing agents, these nitro-compounds 
yield aniline and its homologues. 

Fore nitrotoluol is solid at ordinal^ temperatures. It boils 
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at 287®. By reductioa it gives toluidiue ; and by tbe action of 
potassic chromate and sulphuric acid, paranitrobenzoic acid or 
nitrodracylic acid is formed. 

So-called liquid nitrotoluol is a mixture of nitrobcnzol and 
nitrotoluol. 


BENZOL, Benzene^ Benzine^ Bhenylic Hydride, 
Bicarhuret of Hydrogen. 
or Phil. 

IT IT 

! I 

r-C 

/ \ 

H— (’ C— H 

Molecular freight =78. Molecular volume fXIl- ^ 

henzoUvapour weighs 39 crifhs. Fuses at 5®’5. Boils at 
80®-5. 

Occurrence, — In Rangoon petroleum and in coal-tar. 
Preparation. — 1. By heating benzoic acid with excess of lime 
or baryta : — 

{oiMi. + 0.0 - {h'"‘ + 

Beasoto aciA lamr. BrnxoL Caldc carbonate. 

2. By heating the vapour of benzoic acid to redness, when 
it splits into benzol and carbonic anhydride : — 

{c'oii, - oo. + O.H. 

Benaoio acid. CaHk>nie BaaaoL 

anhjdnde. 
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3. By heatiug phthalic acid ivith lime ; — 

C,H.O. + 2CbO = C^I, + 2C()Cao". 

Phtlmlic Limu. Br>niui. raloic 

•cid. oarbouato. 

4. By passing fats through red-hot tubes. 

5. By the destructive distillation of coal. 

6. In small quantity, when the vapour of acetic acid or of 
alcohol is passed through a red-hot lube. 


SUB8T1TUTI0X BEltlVATlVE^ OF BENZOL. 

1 . Bromo- Compounds. 

MONOBBOMBENZOL. 

C.H,Br. 

Boils at 150° 

Preparation . — By acting with two atoms of bromine on boil- 
ing benzol : — 

C,H. + Br, = C,.II,Br + II Br. 

n«iizol. Monobroiiihurizol nydrobromio 

or]>hvi)>iiu acid, 

btoimae. 


BIBBOUBENZOL. 

C.ll.lir,. 

Futea at 89°. BoiU at 210°. 

Preparation . — By treating inoDobronibtnznl with excess of 
bromine. 


T&IBBOICBENZOL HYDBOBEOHATE. 




Preparation . — By exposing a mixture of benzol and bromine 
to the action of sunlight. 
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TBIBSOMBEKZOL. 

C«H3Br,. 

Preparation . — By boiling the previous compound with alco- 
holic potaHh. 

The following graphic formuljB show the probable atomic 
relations subsisting between benzol, tribrombenzol hydrobro- 
mate, and tribrombenzol : — 


H II 


C-C 
/ \ 

H— c c— ir 

w // 

c— c 

I I 

II II 

ilentol. 


II II 

lir— C_.c_Br 

Mn/ > II 

Br/\ I ''Br 

11— H 


Br Br 

TnbromlH'OBol h^ilrobromatt*. 


H Br 

u 

/ \ 

Br— C C— H 

\ // 
c— c 


H Br 

TribrcMBbenioL 
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II, Chloro-compounds. 

Benzol forms three chloro- substitution compounds, similar 
to the bromo-eompounds just descril)t*d. 



of 

FiiHing- Boding* 


aggrogHtiun, 

point. |M>int 8p. gr. 

Monochlorbenzol , 

. c,n,ri. Liquid .. 

i;iG°. 

Hichlorbenzol . . 

Solid ... 

8»“. 

Trichlorbenzol ... , 

Oily .. 

210» 1-457 


111. Nitro-compouuds. 

Two only have liithcrto been ])roduced : — 

Nitrobenzol C,1I,(N^(),) or N((yi,H),. 

Dinitrobeuzol . or 

NITBOBENZOL. 

N(C„n,)0, or NPhO,. 

Molecular weight =123. Molecular volume I 1 1. 1 litre of 

nitrohemol vapour weighe 01 5 critha. Fuaca at 3®. 
Boila at 220°. 

Preparation , — By the action of nitric acid on benzol : — 

-f NOJIo = N(C,irjO,, -f OH,. 

BvnxoL Kitrioaoid. Nitroliriizol. Water. 

Reactions, — 1. By the action of reduciiig or liydrogenating 
agents, as zinc and hydrochloric acid, sulphuretted hydrogen, 
acetic acid and iron, or ])ota8Bic arsenite, nitrobenzol is con* 
verted into aniline : — 

N(C.H,)0, H- 3SH, = N(C,H,)H, + 2011, -h S, 

orO.H.(N^O,) + 3SH, = + 20H, + S,. 

Kitrobezixol. SalphorftUid Aniline. Water, 

hydrogen. 

2. Nitrobenzol is also converted into aniline when its 
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vapour, mixed with hydrogen, is passed over Spongy palla- 
dium : — 

N(CJI„)0, + SH, = N(C\H,)H, + 20H, 

NitroWnzol. Aniltne. Water. 


The relation between nitrobenzol and aniline will be seen in 
the following graphic formulap — 


O 

^ \ !1 

II-_C 

\ ^ I 

C— t' o 

I I 

H 11 

itrobencol. 


II II 

I 1 

c V II 

^ I 

11— C C— X 

\ I 

(' C II 

I I 

II II 

Aniliiu . 


3. By the action of sodium ainalixam and water, nitrobenzol 
is converted into axobenzol, and finally into Indrazobenzid : — 


2N'(C'.I1,)0, 

+ If, = 


Ktimbeni«>l. 


Axobenaol. Water. 

..|N(r.ii,) 

+ 11, - 

fN(C.II,)H 

IN(C.h.) 

lN(C.H.)H- 

Axobenao 


Ujdrasobeiuid. 
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DINITROBENZOL. 


N,(Cjr,)"0,. 

Ftue* heloic 100°. 


Preparation , — By treating niirobonzol with a mixture of 
concentrated nitric and sulphuric acids. 

Reaction , — By the action of sulphurcttod hydrogen, dinitro- 
benzol is converted into nitraniliiie : — 


N,(C„n,)"0, + 3S1I, 


DiuitrobciuoL 8ul})hnr«tt<nl 

hydrogoii. 


[NO, 

4(C.U.)" + 20H. + S,. 

I Nil, 

Nitranilmc. \\ utor. 


Class 1 1. 

IITDRinjES OF KEGATIVE RADICALS. 

Only two of these arc known : — 

Cyanic hydride or Hydrocyanic acid. 

Oxatylic hydride or Formic acid. 

The first has already been considered (p. 27) ; and the second 
will be more couvcnicutly studied in connexion with the fatty 
acids (p. 121). 


CHAPTER VI. 

THE ALCOHOLS. 

The alcohols form one of the most important of the families of 
organic compounds. The simplest member of this family is 
mcthylic alcohol, which is derived from marsh^gos by the 
substitution of one scmimolcculo of hydroxyl for one of 
hydrogen. 

TOL. n. 


s 



50 


CH, 

H 


THE ALCOHOLS. 


H— C— II 

A 

Manh'gaa. 


CHjHo. 

H 

ir_i_o— n 
I 

II 

Methylio alcohol. 


The alcohols have been termed the hydrated oxides of the 
positive radicals ; but this is croueous, as they do not contain 
water. They may more correctly be defined a« the compounds 
of hydroxyl with the positive organic radicals, whence it follows 
tliat each sericH of ])ositive radicals forms a corresponding 
series of alcohols. The alcohols act upon and saturate acids, 
forming a family of compounds termed ethereal salU. The 
acidity or acid-saturating power of the alcohols dejiends upon 
the number of semimolecules of hydroxyl w'hich they contain : 
the mouad radicals gi>c monohydrie alcohols, or alcohols con- 
taining only one semimolccule of hydroxyl, the dyad radicals 
dihydric alcohols, &c. We have thus the annexed three prin- 
cipal subdivisions of the alcohol family. 


Monohydne. 

Methyl or C«ITa„+jiro 
series. 

Vinyl or 
senes. 

Phenyl or 
series. 


Dihydno 
Glycol or 
series. 

Orcin or C«Il2„-sIIo^ 


Tnhydnc. 

0 lycerinorC„H2«..iHo3 
series. 

Pyrogallio or CNir 2 M-.» 
iTo, series. 


The following symbolic and graphic formulsD will exemplify 
the disposal of the bonds in these three subdivisions : — 


Monohydrie Alcohols. 


PropTlic alcohol. 1 
{Methyl ftffiV#.} J 


CAHo o, 


II H H 

I I I 


H_C— C— C— 0— H 
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Allylic alcohol.! C min nr 

(yinyl teries.) / " " 1 011,11 o ' 


TI 

IT— C=C— C— O— II 

I I I 

II II II 


Benzoic alcohol. 1 
{Phenyl eeries ) j 




Glycerin 


IF IT 


If 


Propylenic alco-l 
hoi, or propyl ic V 
glycol j 


c=c 
/ \ I 

IT— c C-^r-o-ir 

W II I 

(’— C II 

I I 

ii II 

Bihydric Alcohoh. 

n TT Un n, / 0(rll,)IlII(. 

. C,II„lIo, or I cJj 

II II II 
II— c— c— (!:— II 

I I I 

0 0 II 

1 I 

II II 

Trihydric Alcohol*. 

- O.H.Uo,or 


CIIJIo 
CIlllo. 
Oil IIo 
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MONOHTDBIC ALCOHOLS: 

Methyl or C«Hj„+iHo series. 

These alcohols may be divided into three classes, viz. : — 

1. Monohydric normal alcohols | 

„ secondary { cfcfcoi’Ho- 

3 tortiarv I 

3. „ tLrt.ary „ | C(C„H^+,).lio- 

la the general formula of the normal alcohols n may s«0, 
and even the whole radical may be replaced by 

hydrogen, as is the case in inethylic alcohol. In the formulae 
of the secondary and tertiary alcohols n may also =0, but m 
must always bo a positive integer. 


NOMMAL MOKOIITBMIC ALCOHOLS, 
General formula { ©if 

The following is a list of the members of this class : — 


Methylic alcohol | ^ jj jl^ 

Ethylic alcohol {ciblo 

Propylio or trityUo al- rCMoll, I ClCH.lII. 

oohol tcu.llo IcKjllo 

{cu'^to " {cSl’o’^ 

or - 

{^5i'o -«>"• 

P-ud-aylic alcoua ... {^^for { » - 

Giproylio or hexylio alcohol | S^JV 


Fulling* Boiling* 
l>oint«. pomtfl. 
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. 


Fumni;* 

Boilina* 


1 C„1I.. 

\ CII,Ho 

potnU. 

poinU. 

CEnantliylio or heptylic alcohol 

— 

170°. 

Caprylio or ootjlic alcohol 

IClliHo 

— 

190°. 

Konylio alcohol 

1 ClIjUo 

— 

200°. 

Bccat jlio alcohol 

fo„n.. 

■■■■ t CIIjUo 

— 

212°. 

Cetylic alcohol 

; c,,n„ 

ICll.Uo 


— 

Cerotio alcohol 

J cjr„ 

1 cll ,Ho 

711®. 

— 

Melisaic alcohol 

/c H,„ 
••"Icll.llo 

H.r. 

— 


Tho lower niemberft of the clasB are liquid, and the higher 
solid. They are produced in a variety of oj)eration8, Huch as 
destructive distillation, fennenlation, and animal secretion, but 
by reactions which cannot usually be traced. 


JRelations qf the normal C„H3„^iTIo alcohols to the monad 
radicals, 

1. The radicals which arc combined with hydroxyl in 

the normal alcohols may be separated, by first converting the 
alcohol into an iodide (see ]). 90), and subsequently acting on 
the iodide by zinc (see p. 11). 

2. The radical next lower in the series, than that contained in 
the alcohol, may bo obtained by converting tho alcohol into the 
corresponding fatty acid, and then submitting a salt of this acid 
to electrolysis (see p. 119). 

3. Inversely, the normal alcohols may be obtained by acting 
upon the normal radicals with chlorine under the influence 
of light, when one atom of hydrogen in the radical is dis* 
placed by chlorine. 

Thus in the case of methyl we have 


fCH, 

ICH, 

MHIqrl. 


+ Cl, 


{oh:c1 + HO, 

Chloriniitad Hydrochloric 

methyl. ociit. 
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by tbo action of potassic hydrate upon this chlorinated methyl, 
ethylic alcohol ia formed, thus : — 

{cn’n + “ {S^Ho + 

Chlorinated Potoisio Ethrlio Potamio 

mrUiyl. hydnte. aloonol. cthlorida. 

This reaction requires further investigation (see p, 55), 


BelatiQUS of the normal C„Ha, 4 .iIIo alcohols to the dyad CnHa* 
radicals. 


1. The Cnllo,. radicals are obtained from the normal C„Ha»+iHo 
alcoliols by the abstraction of the elements of water 


{ 


CH. 

CH,IIo 


Ethrlio 

ak<ohol. 


OH, 

Water. 


» fCH, 

|CH,- 

Ethylene. 


2. Inversely, the normal alcohols are obtained from these 
radicals by lirsi uniting the latter with hydrochloric, hydro- 
bromic, or hy dried ic acid, and then treating the product with 
potassic hydrate : — 


{§!; + «« = 

Etbylanu. Hydrochloric 
acid. 


JCH, 

1 CH,a- 

Ethylio 

chloride. 


(cil’ci + " (ch’Ho + 

Ethrlio Potowio Ethrlio Potaamo 

chlondii. hydrate. alooAol. chloride. 


Or by uniting the dyad radicals with sulphuric acid, and 
distilling the product with water: — 

SOJlo, + C.H, = SO,Ho(C,H,0) : 

Sulphuric Ethylene. Sulphorinic aeid. 

acid. 


SO,EtoHo + OH, = SO,Ho, + 

Salphormio Water. Snlphnrio 

•cid. SSa. 


EtHo. 

Ethrlio 

alooaoL 
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delations of the normal C^Ilan+iIIo aleohoU to the hydridee 
of the radicals, 

1. When the alcohols are converted into iodides (see p. 06) 
and the latter digested with zinc and water at 100°, the corre- 
sponding hydrides are produced (see p. 38). 

2. When the hydrides of the radicals are acted 

upon by chlorine under the influence of light, they produce, 
the chlorides of the radicals, from which the alcohols may bo 
obtained by the action of potassic hydrate : — 


EtII 

Ethvlie 

hydrid**. 


<-'1. 

= Et(1 

Ethvlic 

rlilnndtt. 

+ 

IICI; 

llydpfuhlo- 
riu Aoid, 

EtCl 

Kthylio 

chlondc. 

-f 

Kiro 

PotAMNIO 

hydriiti'. 

« EtHo 

El In Ijc 
ttlouliol. 

•f 

KCI. 

Potawiin 

chlundu 


The greater quantity of the chlorine compound so formed is 
isomeric with the chloride of the radical, and 'possibly gives a 
corresponding isomeric alcohol. 


Belations of the CJl 3 „+,Ho alcohols to the radical cyanogen. 
Ascent of the alcohol series. Mendius's reaction, 

11 j the dr)’ distillation of potassic sulphovinato and its homo* 
logues with potassic cyanide, the nitriles or abnormal cyanides 
of the radicals are produced ; — 

SO,EtoKo -h KCy = SO^Ko, + EtCy. 

rotaiudo Fotamic Fotamrir Eihjiio 

iul])huTinot4>. c}'anido. lulphati*. nitnU*. 

By treatment with nascent hydrogen, this ethylic nitrile 
is converted into propylamine : — 

NC(CMeH,) + H* = N[C(CMcH,)iy H, or NPrH,. 

Etliylis nitrile, Propjkmine, 
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By the action of nitrous anhydride, propylamine is trans- 
formed into isopropylic alcohol : — 

2NPrH, + N.O. = 2/3PrHo + OH, + 2N,. 

Propjlamino. Nitrous Isopropflio Water, 

anhydride. alcohol. 

It is obvious that by repeating these reactions on isopropylic 
alcohol, butylic alcohol would be obtained, the homologous 
series of alcohols being ascended one step at each repetition of 
the process. But the alcohols are, if possible, secondary or 
tertiary. 

KETEYLIC ALCOHOL, Woo^ Spiriiy ’Pyroxylie Spirit, 
0113110 or Mello. 

Molecular weight =32. Molecular volume fn . 1 litre of 
methylic alcohol vapour weighs IG criths, Sp, gr, 0798. 
Boils at G6®*5. 

Breparation, — 1 . From marsh-gas, by the action of chlorine 
and subsequent treatment \\ ith potassic hydrate : — 


cir, 

Mareh- 

gM. 

4- 


CH.d 

Mtlh>!ui 
( hlot ul( 

+ 

IICl; 

II^ditH-hlo- 
nc acid. 

CH,C1 

Hethrlio 

chloride. 

+ 

KHo = 

Potarwio 

Indrau* 

CH,T[o 

MaliOic 
tiU oho). 

+ 

KCl. 

Potarmo 

chloride. 


2. From the essential oil of Gaulthcria j^rocumhens, by the 
action of potassic hydrate : — 

C,II,OMeoHo + KHo = CJT.OHoKo + Mello. 

Oil cf CawttJWw pro- Potaoaio Pot iwit ralioylatc. Mcthylio 

cumb0n». (Mrtno- liydrotr. alcohol, 

lalicylio aoid.) 

8 . By the destructive distillation of wood. 

Reactions, — 1. Methylic alcohol unites with some salts in the 
capacity of water of crystallization, ns, for instance, — 
OaCl„ 2 MeIIo. 

2 . By the action of potassium and sodium, methylates arc 
formed with elimination of hydrogen : — 

CH,Ko. CH,Nao. 

Potanic Smic 

> methylate. 



ETHYLIC ALCOHOL. 


57 


8. By oxidation it is tronafonned into formic acid : — 

{cil^o + 0 . = {cOHo + 

Methylio Formio acid. Water, 

alcohol. 


4. When distilled with calcic chloro-hypochloritc {chloride of 
lime) and water, chloroform is produced. 


rcaci 

0 

(V' 


2OII3II0 + 4 Ca( 0 Cl)Cl = 2C1IC% -f 


Mcthylio 

alcuiiul. 


CnlcMP <'hl(»ro- 
hyi»ochlonto. 


Chloroform. 


(V' 

0 

+ 80H,, 

C'alric or>- 
chloridc. 

Wnti‘r. 


ETHYLIC ALCOHOL, Alcohol, Sjnnt of PHnc. 


fcir, 

\ CH3II0 


or Etllo. 


Molecular weight *=16. Molecular volume I ] 1 . 1 litre of 

ethylio alcohol vapour weiglic 23 crith*. Sp. yi\ 0*792 at 
20°. Boils at 78°*4, 


JPreparation, — 1. From ethylene (p. 54-). 

2. By the fermentation of grape-sugar with yeast at a tempe- 
rature of about 22^^ : — 


« 2C,n,IIo -h 2CO,. 

Grai>e>sugar. Ethrli* Carlionip 

alooliai. anhydride. 

At the same time, however, other products are formed, but 
in very small quantities. 

Beaetions. — 1. Treated with potassium or sodium, alcohol 
forms ethylates : — 

/OH, fCH. 

L CH,Ko- I CH,Nao* 

P^Mio Sodio ethylate. 
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2. 'VTben passed through a red-hot tube, alcohol is decom- 
posed into marsh-gas, hydrogen, and carbonic oxide : — 


C,H,Ho 

Ethvlio 

alounoL 


CH, + II, + CO. 

Hanih- Carbonio 

gas. oxide. 


Small quantities of ethylene, benzol, and naphthalin are 
simultaneously produced, whilst carbon is deposited. 

3. By oxidation, ethylic alcohol is converted first into alde- 
hyde, and then into acetic acid : — 


iCII, 
t CH,Ho 

Ethvlio 

aloonol. 


+ 


o 


_ JOH, 
~ [COII 

Aldehyde. 


+ OH.,. 

Water, 


{ 


Oil, 

COH 


Ald<*hyJe. 


+ 


0 


_ fCH, 

~ \C()lIo- 

Acetic acid. 


4. Distilled with chloride of lime, ethylic alcohol produces 
chloroform. 

Alcoholaies arc salts containing alcohol in the place of water 
of crystallization ; they are mostly decomposed immediately by 
water. 

The following are known : — 

ZnCl,, 2C,H,Ho. 

CaCl„ 4C,H,Uo. 

N,0,Mgo",GC,irjIo. 


5. Treated with chlorine as long as hydrochloric acid is 
evolved, it is transformed into ethylic chloride and chloral 
hj'drato (the aldehyde of trichloracetic acid) : — 

* { OH^o + “ { CHHo, + ( Oh’cI + 

Ethylic alcohol. Chloral hydrate. Ethylic 

chloride. 
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XEBCAPTAN, Sviphur Alcohol^ EihyUc sulphhydrate^ 
Jlydrosulphate qf Ethyl 

{c11;h. 

Molecular weight b=62. MoleovXar volume QI). 1 litre of 
mercaptan vapour weighs 81 criths, tip. gr. of liquid 
0 - 885 . Boils at 

Breparation. — By diHtilliog potassic Bulphoviuato with po- 
tassic sulphhydrate : — 

SOjEtoK.0 -f" K-lls = Bills -j- SO^K. 0 ^* 

PntivMic Potasuo Mercaptan. T’ntniwu' 

Rulpho> inaio. tuliibhydrait'. NuipluiU'. 

Beactions. — 1. By the action of potassium and sodium on 
mercaptan, an atom of hydrogen is displaced by the metal, pro- 
ducing mercaptides : — 

/cir, jcii, 

iCn.Ks- lOlI.Nas- 

Potamic Hodic 

mrrcaptidp. morcnptidt^ 

2. Mercaptan acts upon mercuric oxide with great energy, a 
white crystalline mercuric moreaptido being forim‘d : — 

jOH, 

1 CH, 

Mercaptan Mcrcurw* Mwreun*' Water* 

oxide. mpreaptidc. 

Bropylic alcohol, | obtained from the fusel oil 

of the marc brandy of the south of France. 

Butylic alcohol | contained in the fusel oil pro- 

duced in the preparation of spirit from the molasses of beet* 

{ CFtIf 
CH lio 

from butylic acid by Firia and Wurtz's reactions, described at 

p. 120. 
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Amylk alcohol^ | constituent of the 

fusel oil obtained in the manufacture of alcohol from potatoes 
or grain. Two other normal, isomeric amylic alcohols are 
given in the Table at p. 52 . 

As far as these alcohols have been studied, they resemble, in 
their chemical relations, the two previously described. 


si;oojvDJJirjif02iro/irD£io alcohols. 

The secondary alcohols differ from the normal in yielding, 
by oxidation, ketones instead of acids. 

Seven secondary alcohols are at present known : — 


Boilinj;* 

po.nU. 

o 

. 81 . 


Isopropylic alcohol or dime- f CH, 

thyl carbinol 1 CMellllo 

Mothylethyl carbinol | 97, 

r cir ' 

Methylpropyl carbinol | cp;ijjjo 122. 

Motliylisopropyl carbinol 

Psoudohcxylic alcohol or me- f CPrH, 

thylbutyl carbinol 1 CMellHo 


fCH, 

\C(C.IUIIHo- 


136. 

18i. 


Methylhoxyl carbinol . . . 

Methylnonyl carbinol | jj )HHo 


The first is obtained by the action of nascent hydrogen on 
acetone ; — 

CH, 

COMe 

Acetone. liopropylio'oloolioL 


{: 


. „ _ fCH. 

+ - \CMeHHo- 
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The relation existing between ethylic alcohol, propylio 
alcohol, and isopropylic alcohol, will a^ ouco bo evident from 
the following formula) : — 


JCH 3 

tCH^Ho- 

Ethylio alcohol. 


rc(CH,)ii, 
1 ClI,Ho • 

Propylic alcohol. 


JClI, 

1 C(cir,)iino- 

lioiiroiiylio alcohol 


Prom these formul© ifc is scon that propylic alcohol is ethylic 
alcohol in which one atom of hydrogen in tho methyl (or non^ 
oxygenated jiart of the compound) is displaced by methyl ; 
whereas isopropylic alcohol is ethylic alcohol in which one atom 
of hydrogen in the oxygenated part of the compound is dis- 
placed by methyl. 


Ethylic alcohol boils at ... 78®* 1 
Propylic alcohol „ ... 97 

Isopropylic alcohol „ ... HJ* 

Thus, by substituting an atom of methyl for one of hydro- 
gen in the non-oxygenated part of tho alcohol, tho addition of 
CHa raises the boiling-point 18®*G ; whilst, if an atom of hy- 
drogen in tho oxygenated part be similarly displaced, tho same 
addition only raises the boiling-point t>® G. 

Isopropylic alcohol yields by oxidation a ketone, and not an 
acid. The radical oxatyl being a necessary constituent in 
organic acids, it will bo seen from the following equations that, 
although propylic alcohol can be converted into an acid without 
the disruption of its carbon atoms, isopropylic alcohol cannot^ 
be 80 transformed ; — 


+ 0 

t ClIJTo + 

fcn, 

“ 1 COilo 


on,. 

Ethrlic alcohol 

Acetio acid. 

WoUt. 

11 11 

II • 

0 


1 ’1 

1 

(1 


II— C f— H 

1 1 

II— f — 
1 

V 

1 


1 1 

11 0 

I 

If 

1 

0 

1 


1 

If 


1 

If 
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rO(CH.)H, 

\OH.Ho 

Propylio ftloohol. 


H— C— i 

J ' 


If O 


= {»“■ + OH, 

Propiosio acid. 


II • H Hi 

-<L!J-h nJ- 


I 

— c— 


roil, + 0 - 1 ®^*’ 4 . OH 

tc(Cii,)niro + - -[00(011,) + 


l8onro|)ylii.* 

alcohol. 


ii—c — 

L I i i 

II O J£ 


H— (^_C— (*’— II 


11 O H 


TEBTIABT MOmilTDEIC ALCOHOLS. 

General formula {occlfcl&o* 

The followiug members of this series are known ; — 

BaiUni^ 

pointi. 

Pseudobutylic alcoliol or1 82® 6. 

trimetbyl carbinol J ^ 

Dimethylethyl carbinol . . . OEtMeJIo 100®, 

Dimetbylpropyl carbinol CPrMe,IIo 120®. 

Dimethylisopropyl carbinol 0/5PrMcj,Ho 112®. 

Methyldiethyl carbinol ... CEt,MeHo 115®. 

Triethyl carbinol CEtjIIo 141®. 

Diethylpropyl carbinol ... CPrEfrgHo 

{ CH 

CmVHo’ small quantities 
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in butjlic alcohol obtained by fermentation ; it has also been 
produced by acting with zincic methide on acetylic chloride, 
and submitting the product thus obtained to tho iiction of 
water : — 


{ooci + - { oMi>,(Zn''MeO) ZaMeClj 


Acetylio 

ohlorido. 


Zincio 

nu'Uiidc. 


Zin«i« chlor- 
methide. 


{cMe,(Zu"MeO) + 

WaUT. 

+ CIT^ -f* ZnHoj^. 

Mi'flnlu* Zincu’ 

h) dndf. liydraU*. 

IT— c'— ir 


II 

I 

H— C- 


fCIT, 
t OMeJIo 

rtfmdnbtityliu 

alcohol. 


-c- 


0 

1 

II 


'-II or I 


OH. 

C(CII.),Ho' 


PseudohutyUc alcohol. 


CHAPTER VII. 

MONOUTDBIO ALCOHOLS : 

Tinyl or C,Hh.iHo leriet. 

Two alcohols only of this series are known ; of these the first 
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is a secondary, and the second a normal alcohol : 

Tbylic alcohol..." I or CMe"HIIo. 

Ally lie alcohol ... | 

II 

II-C=C— 0— H ll_Cv-C— C— O-II 

II III 

11 11 H H II 

Vinylic nlcoltol. Arylic ulcolul. 


VINTLIC ALCOHOL. 

"fCH, p 
I CUHo 


^Preparation . — ^By combining acetylene with sulphuric acid 
and distilling the product with water, in the same manner as in 
the preparation of cthylic alcohol from ethylene (p. 51) : — 


SO.,Ho., + CJI, = SO,(C,H,0)IIo. 

Sulphuric Acetylene. Bul])hovinyhc acid, 

acid. 


S0,(C,H,O)IIo + on, = SO,lIo, + CMe"HHo. 

SulphoTinylic acid. Water. Sulphuric Vinrhc 

* acid. ulcj^iul. 


This alcohol is isomeric with aldehyde and wdth ethylenic 
oxide 

fCH,. 


fCII, 

;cH, f 

\ cmio 

t con 1 


ten 


‘ 0 . 


Vinvlic 

alcohol. 


Aldehyde. 


Ethylenic 

oxide. 


CH Ho* 

vinylic alcohol from acetylene, it is obvious that this body could 
not yield an acid by oxidation ; but if the latter formula repre- 
sents it, this alcohol is normal and ought to yield on oxidation 

{ **CH 

OOHo* aciylic acid. 
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▲LLTLIC AliCOEOL. 

tciI,Ho opAUHo. 

SoiU <rf 96?‘5. 8p, gr. of liquid at 0®^0‘870!). 

Preparation. — Glycerin, when submitted to the action of di- 
phosphorcuB totriodide, yields allylic iodide : — 

fOH,Ho fcir, 

+ 2 •! CHIIo = 2 \C 11 + 2 POHno, + T. 

lcii,iio {cir,i 


Diphocphoroui 

icinodide. 


Glycerin. 


Alhlio 

iodide. 


PhtMphorouf 

BAiid. 


The allylic iodide is then decomposed by argentic oxalate, 
'when allylic oxalate is formed : — 

2 Ain 4- { COAgo f CO Alio , 2 Ai»T 

2 A 1 U + I COAgo - t< 50 Allo + 


AUrlio 

iodide. 


Arffcntio 

ojcolatu. 


Allvlto 

oxalate. 


Ari;<>ntio 

iodide. 


The allylic oxalate is next decomposed by ammonia, when 
oxamide and allylic alcoliol are produced : — 

f COAlIo , 92 ^T 

jeOAUo + 

AUrlio Ammonia, 

oxalate. 

Reactions. — 1. In all ordinary reactions, allylic alcohol 
behaves like ethylic alcohol. By oxidation it gives aciy’lic acid: — 




Oxamide. 


All>lio 

alcohol. 


fCMe'H . o 
t OH,Ho + 

AUrlio 

alcoliol. 


f CMe"II 
t COHo 

Aery ho 
acid. 


+ OIL. 


Water. 


2. With phosphoric anhydride it yields allylcne:— 
H 

r jCII, 

ii-c-c-c—n » C . 

I OH 


TOL. ir. 
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Among the ethereal salts of allylic alcohol, the sulphide and 
8ulpho<7anate occur in nature as garlic and mustard oils : — 


'CMo"H 

CH, 


CH. 

,OMe''H 


Allvlic 



I OMe"H 

"ics" 

Alljlio 

lulphooyaiutte. 
(Muiterd oil.) 


CHAPTER VIII. 

MONOllTDBIC ALCOHOLS: 

Phenyl or C^Il2«-y series. 

These alcohols may be divided into a normal and a tertiary 
class. TiiC members of the first class possess the general 
character of the normal alcohols of the ethyl series, while those 
of the second class exhibit a slightly acid character. 


Class I. Normal Alcohols. 


General formula. . 


CH,Ho- 


Bcnzylic alcohol* | * 


•n— c-»c-n H 

n-lj I t-o-H 

i R I 

n— C-C— H H 
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Xylylio alcohol 



Cumylic alcohol 

{gh%- 

Sycocerylic alcohol 

{§&■ 


Class II. Tertiary Alcohols. 

General formula C^i.yllo. 

Phenylic alcohol. Carbo- 
lic acid* CJI.Ho. 

Crosylic alcohol C^Mell JIo. 

Phlorol C„EtII,IIo. 

Dimethyl-phcnylic alcohol o. 

Thymylic alcohol C^Etallallo t 
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2. Benzyllc alcohol may bo obtained from toluol by first 
converting the latter into toluylic chloride by the action of 
chlorine — 

{cfe + - {ofei + ncu 

Toluol. Tolnylio chloride. Hydrochloric 

(Toluyhu hydride.) acid. 

and then submitting the toluylic chloride to [the action of po- 
tassic hydrate : — 

{oil'h + KII. = + KCl. 

Toliivlio PoitB^ic Beneylio PotASBio 

chloride. hydrate. alooliol. vhiorido. 

3. By digesting bcnzylic chloride with freshly precipitated 
plumbic hydrate ; — 

- «>C1. + 

Toluylic or Plumbic Plumbic Beozylic aloohoL 

Beiuylio chloride. hydrate. chloride. 

4. By passing a mixture of hydrogen and the vapour of ben- 
zoylic chloride over heated spongy palladium : — 

{ooli + “ {cl5i. + 

Benaoylio chloride. Benrylio aloohoL 

Class II, TEBTIAET ALCOHOLS. 

PHEBYLIC, AI^HOL, Carbolic Acid, Hheniflic Acid. 
C^.Ho or PhHo. 

Molecular ijceiglit *»9l!. Molecular volume QH. 1 litre of 
phenylic alcohol vapour weighs 47 criths. Sp. gr. 1*0G5 at 
18®. Fusee at FoiU at 

Orcurreiicd.-— In coal-tar, and in small quantity in the urine 
of m a n , of tho cow, and of the horse. 
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^r^ratian. — 1 . By the distillation of salicylic acid with 
baryta or lime : — 

- OW" + o®.- 

Salicrlio Phenylio Carbonio 

acid. aloollol. anhydrido. 

2 . It is also produced in the destructive distillation of numo* 
rous organic substancoa. 

3 . Phenylic alcohol is formed when the vapour of ethylic 
alcohol or acetic acid is passed through a red-hot tube. In this 
manner phenylic compounds may be obtaiiu‘d from their ele- 
ments ; for both acetic acid and alcohol may bo built up from 
carbon, hydrogen, and oxygen. 

4 . Phenylic alcohol is generated when aniline hydrochlorato 
is treated with potassic nitrite : — 

NPhH3Cl + NOKo = Philo -f KCl + OH., + Nj,. 

Aniline PotaMio Phonylio PotaMio Wntor. 

bydrochlorate. nitrite. alcohol. chloride. 

Iteactions . — Treated with chlorine, bromine, or nitric acid, 
phenylic alcohol produces a series of substitution products, of 
which the following are examples ; — 

Dichlorphenylic acid CglljCl^lIo. 

Trichlorpheny lie acid CoH^CljlI o. 

Pcrchlorphenylic acid CgClJIo. 

Bromphenylic acid CJf^Brllo. 

Nitrophenylic acid CjII^CN’^OJIIo. 

Dinitrophenylio acid C3lI,(N'^Oj,)3lIo. 

Trinitrophenylio acid. (Picric 
acid.) 0,H3(N^03)3Ho. 

Amidodinitropbenylic acid. 

(Ficramie add.) CeU^CN^lIJCN^OJ^IIo. 
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CBSSTLIC ALCOHOL. 

CeMeH,Ho. 

JSaili at 204^. 

This alcohol is contamed in creosote ; it is isomeric with 
benzylic alcohol. 


CHAPTER IX. 

LlEYDBIC ALCOHOLS. 

Glycol or C^Hj^IIOj aeries. 

The following is a list of the glycols at present known, with 
their probable constitutional formulee : — 

Glycol or Ethylic \ p tt n J 011^110 
glycol ..... ICII'Ho 

■ Propylio glycol... 0,11,0, or 

Butylic glycol ... 0,11 ,„0, or 

Amylic glycol ... O.U.,0, or | 

Methylic glycol has not been obtained. 

The existence of normal, secondary, Ac. alcohols of this sub- 
division has not yet been clearly established ; but ethylic glycol 
is probably a nonnal glycol, w hilst propylic, butylic, and amylic 
glycols are generaUy considered to be second^ glycols, as 
shown in the above formula?. 

It will be observ'cd that the boiling-points of the glycols 
differ from each other in a direction inversely to that previously 
noticed in the case of the normal monohydric alcohols : the 
more complex substances boil at a lower temperature than 
the simpler ones. 


Boiliag-pomte. 

m’>s. 

188M89“. 

188“-184“. 

177®. 
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OLYOOL. STHTUC OLTCOL, Ethylenie Alcohol 

fCH,Ho 
1 CH,Ho' 

3&leeular tecight ■■02. Molecular volume m . 1 litre of 
ethglie glgcol vapour weigh* 31 orith*. Sp. gr. 1'125. 
jBmI* cA 197°-5. 


Preparation . — ^Ethjlenic dibromidu is treated with argentio 
acetate, and thus converted into ethylciiic diacotato 


{c^Br + 2CMeOAgo = 

Ethylemo Argentic noeUto. 
dibromide. 


CIl,-0-CMe() 

Cll,-0-CMc0 

Bthylnnio diaoetate. 
(Diaoetto glycol ) 


4- 2AgBr. 

Argentic 

bromide. 


The ethylenic diocetatc is now acted upon by potasaic hydrate, 
and yields potasaic acetate and glycol ; — 


CH,-0-CMeO 

CH,.0-CMeO 

Ethylemo diacetat<>. 


+ 2KHo 

PotftBGK* 

hydrate. 


(ol!:": + 20Mrt)Ko. 

Glycol. I’otaMic acetate. 


Mectetions, — 1. Glycol is easily oxidized, tlio first product of 
its oxidation being glycollic acid : — 


CHJIo 

CH,Ho 

Glycol. 


+ 


o. 


cn.iio 

COHo 


Olyoollio 

acid 


+ on,. 

WaUT 


2. By further oxidation oxalic acid is formed : — 



OlyooL 


0, 


(oSK + 

Oxalic Water, 

acid 


8. Fotassic oxalate is produced by heating glycol and po- 
tassic hydrate together to 250° : — 


/ CILHo 
tOH,Ho 

GlyooL 


+ 2KHo 

PotaMio 

hydrate. 


fCOKo 

tCOKo 

PoCaMto 

oxalate. 


+ H.. 
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4. Treated with potassium or sodiam, the hydrogen of the 
hydroxyl in glycol is replaced in two successire stages 

fOILNao 
tCl^Ho 5 

Monotodio gljrooL 

fCH,Nao 

tCH,Nao‘ 

Diaodic glycol 

The foUowing list contains 
of glycol ; — 

some of the principal deriratires 

fOH,Ho 

GlyooL 


fOH,H8 

Bulphor glycol 

fCHJIo 
tCH,Cl • 

Chlorhydrio 

glycol. 


f CH,Ho 
t CH.Br 

Bromhydrio 

glycol 

fClLEto 
t CH,Br ' 

Dromcthylio 

glycol. 


fCH,Eto 

1 CH,lIo • 

Hydric cthylio 
glycol. 

f CH,Eto 
tClIjEto 

Dicthylio 

glycol. 


roir,Br 

1 CO lCU,.0-0Mc0- 

Icu, 

OlrooUic 

ftcctobrumide. 

rcii.Ho 

<0 or 

1 CO 
icu. 

Mtmnrrlio 

glycol 

fCHJIo 

tCH,.0-CMc0- 

rcH, 

CO 

0 

j CH_,/CH,.O.CMeO 
' CH,®’^tOH,-O.CMcO- 
0 

CO 

icu, 

Dwcetic glycol 



POLYETBTUKIC OLYCOL8. 


CH..O-CMeO 
OH,-O.OPrO • 




POLTETHTLENIC GLYCOLS, 

Folyeihylenic Alcohols. 

These bodies are produced by heating ethylenic oxide with 
glycol in sealed tubes, and by other processes. They may bo 
regarded as formed by the addition of cthylcuic oxide to 
glycol. 

rCILHo 


I ClI, 

Diethylenic glycol ...< CH.^ 


'ClOro 

0 ,(. 

ClIJIo 


lcn.no icwjio 

f CH.IIo 

I on. ( cn.no 

CH. I 0 . 11 . 

Triethyleuic glycol... < gjj or ^ O 11 ’ 

Cll’ o' * 

O lOIOIo 

V OH.no 

''cn.iio 

S}{» rcn.Ho 

CM. e IT 

Tetrethvlcnic glycol ^ OH, ^ O* * * 

oil. gA 

tCH^Ho 

Pentethylenic and hexetbylcnic glycols have also beeq 
formed. 


Tetrethvlcnic glycol 


f CH,IIo 

I 

o.„. • 

OIOIo 


rcn.Ho 

0.1, 


o 

OH.Ho 
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CHAPTER X. 
DIEYLBIC ALCOHOLS. 


Orcia or C^H 2 »-gIIoj series. 


Like the phenyl series, the orcin series of alcohols are the 
derivatives of benzol. The following alcohols belonging to this 
series have been described : — 


Hydroquinone 
Resorcin 
Pyrocatechin or Oxyphenol J 
Orcin 

Ilomopyrocaiechin 
Botaorcin 




I C.Mell.IIo, , 


Melting- 

point. 

r 177®-5 
99» 0 

I 86®-0 


Tbeorj indicates the existence of four isomeric bodies of the 
formula the graphic formula) of which are thus 

written: — 


( 1 ) 

II— 0~C=^C— 0— II 

n— i c— ii 

II II 

II_C— c— II 

(3) 

II— c=c— n 

II— o— A A— o— H 

II II 

n— c— c— II 


( 2 ) 

II_C=C— II 

I I 

H—C:) c— II 

II II 

II— 0— C— C— 0— II 


(4) 

H— 0-C-C— H 
H— A d— O— H 


H 


:4J-h 


The isomerism of 1, 8, and 4, and of 2, 3, and 4 is caused 
(q^bolically speaking) by the different distances from each 
other of the two atoms of carbon with which the two semi* 
molecules of hydroxyl are combined ; in 1 and 2 tiiese carbon 
atoms are neighbours, in 4 they are separated by one inter- 
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rening atom of carbon, and in 8 by two intervening atoms of 
carbon. The isomerism of Nos. 1 and 2 is not equally obvious ; 
indeed it has been overlooked by Kekulc^ who considers that 
three modifications only of the formula C^ll JIo, arc possible, 
unless the six atoms of hydrogen in benzol be not regarded as 
of equal value. An inspection of the above graphic formulm 
shows, however, that a fourth modification is possible, depend- 
ent upon the mode in which the two neighbouring atoms of 
hydroxy lie carbon are joined together. In No. 1 these atoms 
are united by two bonds, in No. 2 by only one bond. 

It is at present impossible to assign to each of the throe 
known isomers of C^H^Ho^ its own constitutional formula. 
The same is the case also with the remaining alcohols of this 
series. 


HTDROaUIKONE. 

Cjrjio,. 

l^reparation, — 1. By treating arbutin with oraulsin, or by 
boiling it with dilute sulphuric acid : — 

+ OH, = c„irjio, + c\ir„03. 

Arbutia. Jlydroquinono. GIuoom. 

2. By the action of sulphurous acid upon a solution of 
quinone. 

8. By the destructive distillation of quinic acid. 

Beactioni. — 1. Passed in vapour through a red-hot tube, it 
is decomposed into quinone and hydrogen : — 

C.H.HO, - CAo} + H,. 

Hjdroqomone. Quinone. 

2. By many oxidizing agents it is transformed into quinone: — 

o.n.Ho, + 0 - O.H®} 

BjdroquinoM. Qainoue, 


+ OH,. 
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8. By the action of chlorine or a mixture of potassic chlorate 
and hydrochloric acid, it is conrerced into perchloro-qoinone 
(chloranil) ; — 

+ 3C1, = C.a,g} + 6Ha 

Hjdroqotnone. Chlonuul. 


OBCIN. 

C,MeH,Ho,. 

Melii at 86^. Boils at about 290°. 

Occurrence , — In certain lichens, such as Lecanora tartarea^ 
Boecella tinctoria^ and Variolaria orcina. 

Preparation . — By the dry distillation of oraellinic acid, or 
by boiling this acid with powerful bases : — 

C,n,0, = C.MeH,Ho, + CO,. 

Onelliiiio acid. Orcin. 

Many other bodies which are obtained from lichens, such as 
lecanoric acid, erythrin, and picroerythrin, yield orcin under 
similar treatment ; but all these compounds give first orsellinic 
acid, which then breaks up into orcin and carbonic anhydride ; 
thus ; — 

C..H.A + OH, = 2C,II.O,. 

Leoanorio add. OraclUnio acid. 

+ 20H, - C,H,A + 2C,HA. 

SiTthxio add, EiTtliritc. Oraellinio aoi(L 

C..H.A + OH, = + C,HA. 

Fioroerythrin. Xrythrite. OnaUUuc add. 

Beactions, — 1. With chlorine, bromine, iodine, and nitric 
acid, orcin gives the following substitution products : — 


Monobromorcin ....... 

.. C.MeH,BrHo, 

iwini. 

... iss® 

Tribromorcin 

.. CgMeBr.Ho, 

... 103° 

Trichlororcin 

.. O.MeCl,Ho, 

... 159“ 

Triiodorcin 

.. 0,Mel,Ho, 

.... 

Trinitro-orcinic acid . 

.. O.Me(NO,).Ho. ... 

... 162 “ 
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2. Bj treatment ^itli ammonia in the presence of free 
oxygen it yields orcein, tbe colouring-matter of Atehl and 
Cudbear, the reaction being probably tbe following : — 

0,MeH,Ho, -I- NH, + 0, = O.MeH,(N’0,)no ? + 2011,. 

Oroin. Oroein* 

8. Heated with an excess of concentrated sulphuric acid to 
a temperature of from GO® to 80®, orcin yields orcin-disulphuric 
acid (dihydric orcinic disulphate) : — 

2SO,Ho, + C.Mcn.no, = 

Bnlpliario Oroin. Dihydnc oroinio 

Mid. aMttli>hale. 


CIIAPTEll XI. 


TBIEYDRIC ALCOHOLS, 


Glycerin or scries. 

These alcohols contain three scmimolcculea of hydroxyl 
united with three different atoms of carbon ; consequently the 
lowest term of the scries contains three atoms of carbon. 

Only two of these alcohols have been hitherto obtained : — 


II H II 

n-c-i-A-n 
A A A 


Glycerin 


fCH^Ho 
< CHlIo . 
lOH,Ho 
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Amylgljroerin ... 


CH,Ho 

CEtHo? 

CH,Ho 


H 


H 

-L 


H 

H— i— H 

H— L- H H 

—L 


I 

C— H 


i A A 
A A i 


The constitution of amylglycerin is not at present established. 
Its formula may possibly be 

fCEtHUo 
A CHIIo . 

The action of oxidizing agents on amylglycerin will pro- 
bably throw light upon its internal structure. 


GLTCEEIK. 

rCII,Ho 
- ClIHo . 

CH,Ho 

gr, of liquid at 15°'4 U 1*26. Cry%tallize% at low tempera* 
iuree, and remains eolid ajtencarde at ordinary temperaiurie* 
BoiU in vacuo at 179^ 5, 


Soured , — Most animal and vegetable fats consist of mixtures 
of the glycerin ethereal salts of the fatty, and of the oleic, se- 
ries of acids. Glycerin is liberated from these by water at high 
temperatures, or by bases giving salts insoluble in water 


CH.-O.C(C,^JO 

CH 30H, 

[CH..0-C(C„H„)0 


Water. 



Oljoertt. StcarietaU. 
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Belation of Olycerin to hoprepj/lie Meohol. 


Bj the action of hydriodic acid, glycerin is converted into 
isopropylic iodide : — 


rOH,Ho 

JCHHo + SHI = 
lOH^o 

Olroerin. Hydriodio 

acid. 


fCH. 

JCHI + 21, + 80H,. 

ICH, 

Itopronylio Watort 

iodida. 


Belation of Glycerin to Allylic Alcohol, 

When diphosphoroua tetriodido is brought into contact 
with glycerin, an energetic reaction ensues, allylic iodide being 
formed : — 


fCllJIo 

'F' L -f 2 \ CllHo =. 
[CH.IIo 

Diphoaphoroiu Glyocnn. 

wtriodide. 


,|CH, 

|cii + 2Poimo, + I,. 
{cii,i 

All\ lie Phoipiioroui 

lodido. acid. 


Belatione of Glycerin to Fropylic Glycol. 

The several semimolecnlcs of hydroxyl in glycerin are 
capable of being replaced by chlorine, bromine, &c. ; thus, 
by the action of hydrochloric acid on glycerin, ono semimole*- 
cule of hydroxyl is displaced by chlorine, monochlorhydrin 
being formed : — 

rcHjio rcii,ci 

JCHHo + nCl =. ^ CllHo 4* OH 3 . 

lOH,Ho tOH,Ho 

Glyoerin. Hydrochloric tfoBoclilor> Water, 

acid. hydrin. 

Monochlorhydrin if identical with monochlorinated propylic 
glycol : — 

{cK - 

Monochlorhydrin. Ifonochloriaaled 

propylic flyooL 
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By the action of sodium amalgam and water, monocUorinated 
propylic glycol is readily converted into propylic glycol : — 


rC(CH,Cl)HHo . 
tcH,Ho + 

Monooblorinated 
{MTopjlio gljrooL 


rC(CH.)HHo . HCL 

Propylic Hydrochloric 

glycol. acid. 


'Relations of Glycerin io the IVihydric Acids — Glyceric Acid 
and Tarironic Acid, 


By the slow action of nitric acid, glycerin is converted into 
glyceric acid : — 


CH,TIo 

CllHo + 0, *= 
CH,Ho 

Glycerin. 


fciriio 

ciiHo + on,. 

[COHo 

Glyceric Water, 

acid. 


A second semimolecule of oxatyl has not been produced in 
glycerin, so os to convert the latter into a dibasic acid ; but 
there can be little doubt that tartronic acid, which is formed 
by the spontaneous decomposition of nitrotartaric acid, is the 
acid in question, and that it has the following constitution : — 

fCOHo 
\ CHlIo. 
i COllo 

Tartronic acid. 


Relations of Glycerin to Acrylic Acid. 

By the action of substances having an affinity for water, 
such as phosphoric anhydride or sulphuric acid, glycerin is con- 
verted into acrolein : — 


{ 


CH,no 

CHHo 

CH,Ho 


Glycertn. 


2 on, + 

Vator. 


fCMe"H 
\COH • 

Aorol<^ 
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B/ the absorption of oxygen, acrolein is transformed into 
acrylic acid : — 



fCMe-'n , 
lOOH + 

^ * icoilo • 



Acrolein. 

Acrylic acid. 


Both these reactions arc accomplished simultaneously when 
glycerin is added to fused potasaic hydrate : — 

rCH^Ho 
- OHHo 
. OH,Ho 

+ Kilo = 

fCMo'lI . IT . 
tCOKo + + 

2011 ,. 

Oljoerin. 

PdtaMiic 

hydrate. 

Potamin 

aerylaU‘. 

Water. 


CHAPTER XIL 
TBIETDEIO ALCOUOLS. 

Pyrogallic or C„ll 2 «- 0 llo 3 sericB. 

Like the phenyl and orcin series, these alcohols are the direct 
deriTatives of benzol. 

The following bodies are believed to belong to this series, 
whilst several other compounds not yet sufficiently known will 
probably soon be added to it : — 

Meltins-point 

Pyrogallin 'j 

Phloroglucin lO.HjHOa 

Phenomalic acid ? ... J 


r 115®. 
\ 220 °. 
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Theory points to four isomeric modifications of the formula 


OeH,Ho„ viz. 

H-.C-C-~0.-II 

H— (!: (L- 0— II 

II II 

H— C— C— 0— H 


U_C=C— O— U 

n— 0— (*’ c*’— II 

i: li 

n— c— c— o— II 


H— C=C— O— H 
H— C t- 0— H 
H— 0— i-l!!— H 

11—0— c=c— 0-n 

II— (f’ (!'— H 

ii4J-o-h 


It is at present impossible to assign any of these formul® to 
the above enumerated three members of this series of alcohols. 


FYROGALLIN, J^ifrogallic Acid, 

c.ii^no,. 

Melts at 115°. Sublimes tcith partial decomposition at 210°. 

Preparation, — 1. By heating gallic acid to 210°-220° in a 
stream of carbonic anhydride : — 


Gallic acid. pTrogalltn. 

2. By heating gallic acid with twice or thrice its weight of 
water to 200°-210° for half on hour in a Papin’s digester. 
The reaction is the same as in No. 1. 

Reactions , Does not neutralke alkalies or form true salts. 
2. Passed over heated zinc, it is transformed into benzol : — 

C,H,Ho, 8Zn » C.H. + SSSaO. 

Brrofihlm. BenaoL 
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8. Bromine converts pypogallin into tribromopyrogallin : — 
CJI 3 H 03 + 3Br, = C„Br,Il 03 + 3IIBr. 

PjToicaUin. Tribromopjro- 

ffalUn. 

4 . Heated to 250°, it yields water and nietogallic acid : — 

CJI,Ho, = C, 11, Olio + OH,. 

Pyrogolltn. MoUi|{nllit* 

aetd. 

5. Ammonia in the presence of air forms with it pyrogallein, 

to which the formula has been assigned. 

6. Concentrated boiling solution of caustic potash decom- 
poses it into acetic, oxalic, and carbonic acids. 

7. An alkaline solution of pyrogallin rapidly absorbs free 
oxygen, forming a dark-coloured body, together with acetic and 
carbonic acids and a small cjuantity of carbonic oxide. 


OTIIEB EOLYHYDinC ALCOJJOZS. 


Erythrite (Erythroylucin^ Erythromannitv^ Phycitv^ Pneudor^ 
cin) is atetrahydric alcohol ; and the acid corrt‘8ponding to it is 
tartaric acid. Citric acid may also bo considert'd as derived 
from an unknown alcohol of this seric's. A glance at the for- 
mula of these alcohols and acids will show their relations: — 


fCHJIo 

CHJfo 

CHUo* 

CH,Ho 

EiXthritc. 


fCOlIo 
J CJIlfo 
1 OHIIo* 
I COHo 


cinro((‘ii,iio) 
CH((’Jf,JIo) . 
CllxCii Ho) 


Tartaric acid. Tctrahydnc ulcoiiol 

(uilluioitn). 


fCHiro(roiio) 

> CIIH'OHo) . 

cir,(C()!io) 

Citno acid. 


When reduced by hydriodic acid, eryihrite yields butylic 
iodide: — 


fCH,Ho 

CHUo 

CHUo 

.CH,Ho 

Siytiiritc. 


+ 7III « 


Hydiiodio 

acid. 


4011, + 


Water. 


OH, 

cn, 
on, + 

OHJ 


Batylio 

iodide. 


31 


a* 
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and Quereite are belieyed to be pentabjdric alcohols ; 
and apoBorbic acid is probably a derivative of one of them 

rCKHo rCOHo 

CHHo CHHo 

J CHHo. < CHHo. 

I CHHo I CHHo 

ICHHo l^COHo 

PfntAnydrio Apoaorbio 

alcuhul. licid. 

Mannite is a hexahydric alcohol. Thcro are three acids cor* 
responding to this alcohol : these are saccharic and mucic acids, 
which are isomeric, and mannitic acid : — 


CKHo 

fCOHo 

rCH,Ho 

CHHo 

CHHo 

CHHo 

CHHo 

. CHHo 

j CHHo 

CHHo* 

\ CHHo* 

CHHo* 

CHHo 

CHHo 

CHHo 

CHJio 

V COHo 

[COHo 

Maiuut<‘. 

Sacoharip 
or mtu'ic acid. 

Mannitic 

aetd. 


Mannite is closely related to glucose y the latter containmg 
two atoms of hydrogen less than the former, Glucose can, in 
fact, be converted into mannite by the action of nascent hy- 
drogen : — 


CHHo 

CHIIo 


CHo 

CHo 


+ 


/CHHo 

^CH.Uo 


Glucosi'. 


Ha 


rCH.Ho 
I CHHo 
J CHHo 
S CHHo • 
! CHHo 
LCH,Ho 

Mannite. 


Alcohols of high hydricity possess a sweet taste, in fact with 
increase of hydricity the alcohols gradually pass into saccha- 
rine substances or sugars. 
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CHAPTER XIII. 


THE ETHERS. 

These compounds are tho oxides of the positive radicals. 

Each series of alcohols produces a series of ethers ; wo have 
thus ethers of the mouohydric, dihydric, aud trihydric alcohols^ 
of which tho following are the general formulas : — 



MrUixl 

Vinyl 


rcJC, 

rerc 

Ethers of the monohydric alcohols - 





Ethers of the dihydric alcohols .. 




PhoBjl 

•eriM. 


o 


(iWh. CA 

Ethers of the trilivdric alcohols - \ . 

[CJI;,. - 0 - 11 , „ cj 


ETHERS OF THE MONOHTDRIC ALCOHOLS. 

These bodies are derived from the alcohols by the substi- 
tution of the hydroxylic hydrogen contained in the latter by 
a positive monad radical. 


METHYL SERIES. 

The following list contains some of the ethers of this scries : — 


Metbjlic ether 

Hetbylicetbyliceiher 

Etlijlio ether 

ICethjliosmylicether 




[g«. 

or 

OMe^ 

Doilinff- 

poinUk 

—21®. 


or 

[CH, 

ICU3 

t) 

or 

OlicEt 

+11®. 

CA 

CA 

“ 1 

1 CMcII^ 
CMell, 

0 

or 

OEt^ 


C.H. 

1 

or 

[ CMeH, 

or 

OMoAy 

«2®. 

O.H., 


1 OBoHa 
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BoilifiK 

pointib 

fCaH, fOMeHj 

Ethjlio butylic ethor. ■ O or -I O or OEtBu 80®?. 

lo,n, lOPrH, 

( CMeHa 

Ethylio amylio ether. *0 or ^ O or OEtAy 112®. 

lOBuH, 

I OPrHa 

B utyio ether O or k O or OBu^ lOi®. 

04 ir„ 1 OPrll, 

rCBuIl, 

Amylio ether \ O or -[ O or 176®. 

I Cjr„ 1 CBuH 

Formation. — 1. By tho action of sulphuric acid upon the 
C^IIj^iIlo alcohols. Tlio process may bo divided into the two 
following stages : — 

C.lI..+,IIo + SOJIo, = SO,Ho(C„IW.O) + OH,. 

Alcohol. Biil]ihuric Bulpho-ocid. Water, 

acid 

fcui^+. 

SO,IIo(C.H,»+,0) + C„H,.h,Ho = a> + SO,Ho,. 

Bulpho-acid. Alcohol Kthcr Sulphnrio 

aoid. 


2. By converting tho alcoliols into sodium or 

potassium compounds, and then acting upon tho latter with 
tho iodides of the monad positive radicals : — 


20.11*.+, Ho 

+ 

= 

2C„H*.+.Nn« + H,. 

Alcohol 



Bodic alcohol. 





C.H*H.,Nao 



= -^0 + Nal. 




{ C'.H*.+, 

Bodio alcohol. 


Iodide 

Ether. Sodio iodide. 


Feaetion. — Tho others can bo reconverted into the corre- 
sponding alcohols by treating them with sulphuric acid, and 
then distilling, with water, the sulpho-acid so produced : — 

4 0 + 2SO,Ho, « 2SO,Ho(C,H*,+iO) + OH,. 

I 

Sihor. Solphorio acid. Solpho-aoid. Water. 

SO,Ho(C.H,,+,0) d- OH, « SO,Ho, + C.H^iHo. 

Bttlpho-aeid. UTater. Solplmne acid. Alcd^ 
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MiSTBnriilC liiTliKRi ]!i£ethylio Oxide* 

CH, 

O or OMe .. 

CII3 

Molecular weight =4G. Molecular volume rn » 1 of 
methylic ether vapour weighs 23 criths* Boils at —21°. 


Preparation . — By heating methylic alcohol with sulphuric 
acid or boric anhydride : — 


CH.IIO ■ + 

SO^llo, = 

so,iio(rH,o) 

+ oir,i 

Methylic 

Sulphitrio 

Buli>hometh>he 

Water 

alcohol 

acid. 

lusul 




fCII, 


SO,Ho(CH,0) 

+ cn,iro 

= -^o + 

SOJlo,. 

Icil, 

Sttlphomeihrlto 

aoid. 

Metln he 
aUohol 

MitliOic 

ilhir 

Rulpbnrlo 

acid. 


Beaction . — Methylic ether is acted upon by ehlorino under 
the influence of light, the h>dr()g(*n being displaced atom for 
atom by chlorine. The following compounds an* formed: - 


f CH ('1 

[Clin, 

1 cn, 

U) ■ ; 



lou.ci 

(ciin. 

ten. 

Diehloruiated 

T« traehlonnated 

Pi n lilrinnati'd 

tU(*th>liL ether 

mtth}lu t tiler 

ni) tlivhc ither. 


ETHYLIC ETH££, Ethglic Oxidc^ Etlier^ Sulphuric Ether. 
fCMeH, 

'{0 or OEt .. 

I OMeH, 

Moleeular weight :sz74i. Molecular volume 1 litre of 

ether vapowr weighs 37 criths. 8p. gr. =0*723. Fuses at 
—81°. Boils at 35°*6. 

Preparation . — A mixture of equal volumes of sulphuric acid 
and al^hol is heated to a temperature of from 140° to 145°, and 
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a constant stream of alcohol is allowed to flow into the mixture. 
Ether and water distil over together. Two reactions take place 
successivelj : in the first, the alcohol is converted into sulpho- 
vinic acid ; and in the second the sulphovinic acid is converted bj 
a further quantity of alcohol into sulphuric acid and ether ; — 

EtHo + SO,Ho, = SO.EtoHo + OH,. 

AloohoL Bttl]ihurio Hcid. Bulphorinic acid. Water. 

SO,EtoIlo 4" Etllo ass OEt, 4* SO,Ho,. 

Saliihovioio aoid. Alcohol. Ether. Sulphuric add. 

• 

In this manner the same quantity of sulphuric acid can 
convert an unlimited quantity of alcohol into ether. 

The formation of ether is not duo to the simple removal of 
water from two molecules of alcoliol by sulphuric acid. This 
is proved, first, hy tlio sulphuric acid not becoming more 
dilute, and, secondly, by the fact that, if sulphamylic acid bo 
acted upon by ethylic alcohol, the mixed ethylic amylic ether is 
formed : — 


SO,AyoIIo 4- Etllo = SO,JIo^ + OAyEt. 

Sulphaniylic acid. Ethvlio Sulphuric Ethylic amylic 

alconol. acid. ether. 


Heactiom, — 1. Ethylic ether, when mixed with an equal 
volume of sulphuric acid, produces sulphovinic acid : — 

OEt, + 2SO,Ho, = 2SO,EtoHo -f OH,. 

Ethylic ether. Sulphuric acid. Sulphovinic acid-. Water. 


2. Hot nitric acid converts ethylic ether into carbonic, acetic, 
and oxalic acids. 

8. Exposed to the air, it gradually absorbs oxygen and is 
transformed into acetic acid; — 



Ethylic ether. 


2{ooh. + 

Acetic acid. Water. 
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ETETUC SULPHIDE, Stt^Htir Et\er. 
fCMeH. 

■Is or SEK. 
tOMeH, 

Jloleeular weigM =90. Molecular volume fTI - 1 of 
ethyUe eulphide vapour weight 45 critht. Boil* at 73°. 

Preparation. — By adding ethylic chloride to potaasic aul- 
phide, and distilling : — 

fCMcir, 

2CM:eH.Cl + SK, = -^8 -f 2KC1. 

[ CMcir, 

£thylic cliloridc. Potassic Ethylip aulpluilo. PotiwNio 

sulphide . clilundtt. 

Reactions. — 1. Etliylic Bulphido combiucs directly with 
ctliylic iodide, fomiiiipf 

Sulphurous triethylo-iodido SEt^I. 

By the action of argentic oxide* on this iodide, the corro-* 
spondiug hydrate may be formed : — 

SEt,I + AgHo « SEl.Ho + AgT. 

Sulphurous Argentic Hiiiphiirnus Argcntlo 

tricthylo- Indrntv. tnclhvlo- lodidt. 

iodidv. ‘ hydrate. 

2. By cold nitric acid it is converted into sulphurous dieib« 
oxide (SOEtJ, which by more powerful oxidizing agents is 
transformed into diethylsulphon (sulphuric dicthoxide), SO^Et^ 
which melts at 70° and boils at 248’'. 


ETBEBS OF THE VINYL AND FHENYL SERIES^ 


Of the ethers of the vinyl scries, allylic ether, 
alone is known. It boils at 82°. 

fC,H, 

In the phenyl series, phenylic ether, O , and bouzylia 

fC^ lO.H. 

etiier, •< O , hare been obtained. 

ICA 


[C,H. 
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By digesting benzylic chloride with potsssio phenjlate, a 
mixed ether, phenyl-benzyl ether, is formed : — 


{cfel + 

Bensylto Potawto 

chlonde. phcnylate. 


xa + 


PotMMio 

clUoride. 



IC.H. 

Phenyl-benijl 

etiier. 


ETREBS OF TRE DIRTDBIC ALCOROLS, 

Of these the three following arc known, but the first only 
has been carefully studied : — 

Boilinf^-pomto. 


Ethylonic oxide, CJI^O 13°‘5. 

Propylenic oxide, CgllpO 35®*0. 

Amylenic oxide, 95® 0. 


ETHYJjENIC oxide, EfhyJcnic Etlier* 

CAO - {gjj-o. 

Molecular weight =44. Molecular volume 1 L I . 1 litre of 
ethglenk oxide vapour weighs 22 criths. Boils at 18®*6. 
Preparation , — Ethylcnic oxide is obtained from glycol by 
converting the latter, first into ethylenic chlorhydrate, or 
chlorhydric glycol, by the action of hydrochloric acid, and 
subsequently treating the compound thus formed with potassic 


hydrate : — 



fOH.Ho ^ 

fCH,Ho 
tCH,Cl + 

OH.: 

Qlycol. Hydroohlo- 

Eihyleaio 

Water. 

rioaoid. 

chlorhydrate. 


(o^° + - 

& * 

OH, + KO. 

Btlnrlaiuc Potaano 

clilmydnia. hydrate. 

Ethyittie 

oxide. 

Water. Poteirit 

ahktlda. 
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Iiomer9 ^ — ^Etbylenic oxide is isomeric with vinjlio idoohol 
and acetic aldehyde. The nature of this isomerism is seen in 


the following 

formulas : — 



H 

1 , 

H 

1 

{S-y 

Ethylenic 

oxide. 

H— C-^ 

1 0 

II— 

1 

"fCII, 

1 Ollllo- 

Vinylic i 

alcohol. 1 

1 

1 

11 



H 

II 


{gSi.- 

11— i— II 

1 


Acetic aldehyde. 

11— c^o 


BeaeUms. — 1. Ethylenic oxide unites with nascent hydrogen, 
forming alcohol : — 


{§!!:» 

Ethylt'nie 

oxuU*. 


n - 1°”' 


2. It also unites with oxygen, forming glycoUic acid : — 


fCH. 


ich: 


»0 + 


Ethjlrnic 

oxide. 


o. = (gse- 


Oljoollio 

acid. 


8. It is a basic substance, and unites directly with acids : — 


{o^ + HCl 

Ethylenio Hrdro- 

oxide. eniorio 

acid. 


{ 


OH,Cl 

CH,Ho- 


EUirlenio 
chiorhydrate 
or ohlorhydrio 
glyooL 


4. Ethylenic oxide precipitates as hydrates many metals from 
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solutions of tbeir salts, sucli as the ferric, aluminic, cupric, and 
magnesic hydrates ; — 

2 (gi;0 + MgCl, + 20H, «= + IObHo, 

Eth^rlenio Mii{rn«^io Water. Ethylenio Mamcaio 

oxide. chloride. ohlornydraU*. hj&mte. 


5. It also combiucs directly with water, reproducing gly- 
col: — 



Ethylenio 

oxide. 


+ 


on. 

Water. 


/CH,Ho 
t CII.Ho- 

GlycoL 


These reactions exhibit a wide difference between the beha- 
viour of ethylenic ether and that of ethylic ether. This dif- 
ference arises from the fact, that in ethylic ether the ethyl 
semimoleculcs are held together by the oxygen only, whereas in 
ethylenic ether the linking of the two groups of CH, does not 
depend on the oxygen atom alone, as will be seen from the 
following formulae : — 


Dthylic ether 


Ethylenic ether 


H H H H 



On account of this peculiarity of constitution, ethylenic oxide 
can combine directly with many substances without the dis- 
ruption of its molecule, — a property which obviously cannot 
be possessed by ethylic ether. 


ETEXB8 OF THE TEmTOEIO ALCOHOLS. 

Of these only one is known, vis. 
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GLYCTLIC ETEEB, Qlycylic Oxide, 



Preparation, — By the action of potassic hydrate on so-called 
iodhydrin : — 


§ 1 J '0 

§“• 

oSt 

^CH,Ho 

Iodhydrin. 


+ KHo = KI + on, + 


PotAiiiio PotASwic Wutcr. 

hydrate. iodide. 


fcn,.o-ii.p 
-i cn -o-H c 
CIL-O-U c 


Olycylic I'thcr. 


CHAPTER XIV. 

THE HALOID ETHEnS. 

Bach series of positive radicals forms its own series of haloid 
ethers. 

These ethers are produced by the substitution of hydroxyl in 
the alcohols by chlorine, bromine, iodine, fluorine, or cyanogen. 


JSalaid Ethere of the Monad Poeitive RadicaU, 

As these radicals can only unite with one semimolecule of 
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hydroxyl, th^ can only form one haloid ether* Each series of 
radicals therefore forms one series of haloid ethers : — 


I. Haloid ethers of the form CnHs^iCl. 


II* If l» 99 


III* 99 99 99 

99 OnHjn-yCl. 

llie Mowing will serre as examples of the three series 

H H H 

Propylic iodide, . . 

1 1 1 

or 

H— C— C— C— I 


1 1 1 

H H H 

Allylic iodide ... C.H.I 

H 

1 

or 

I— C— C=C— H 

C(CA)HJ. 

1 1 1 

H H H 

II-C-C— H 

Phenylic iodide C, 11 J 

j 1 

H— C 

II li 

H— C— C— H 


Haloid Ethers of the Dyad Positive Eadicals. 

As the dihydric alcohols contain two semimolecules of hy- 
droxyl, it follow's that there are two classes of haloid ethers 
derivable from them. The first is formed by the substitution 
of one of the semimolecules of hydroxyl by chlorine, bromine, 
and the second by the like displacement of both semi- 
molecules of hydroxyl: — 

I. Haloid ethers of the form ChH^HoCI. 

II- M n 

The foUowring examples will suffice to illustrate the consti- 
tution of both these classes of haloid ethers : — 



HAMID KTHBBa OF DTAD AMD TRIAD RADICAL!. W 


CUorbydric glycol or etliy- 
lenic chlorbydiate 


Etbylenic dicbloridc 


O^.HoCl 

or 

/OH,Ho 
lCH,Cl • 


or 

fcii.ri 

\cii,cr 


U 


H n 

II— U’— II 

I I 

Cl Cl 


Haloid Ethers of the Triad Positive Eadicals, 

Three classes of haloid ethers arc derived from the trihydric 
alcohols by the successive substitution of the three semi- 
molecules of hydroxyl oontuiiied in these alcohols by chlorine, 
bromine, &c. A fourth class also exists, which stands inter- 
mediate between the ethers and the haloid ethers, and which 
is formed by the substitution of one of the semimoleculcs of 
hydroxyl in the alcohol by a monad negative radical, such as 
chlorine, bromine, or cyanogen, and the remaining two somi- 
molecnles of hydroxyl by a dyad oxygen ; — 

I. Haloid ethers of the form 


II. „ 

» 

ft 


iIIoCl,. 

III. „ 

ft 

ft 

c.ir,.„. 

.Cl,. 

IV. „ 

ft 

ft 

C.IIa.., 

lOCl. 

The following are examples of ( 

each 

of these 

cUuacB 




II 

II 11 


{ CIIJIo 


ii-C- 

i— II 

Clilorhydrin. 

CHCl 


1 

1 1 

ICH^lIo 


() 

f 

Cl 0 




1 

11 

ll 
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f 

CHJDI 

H H H 

H— dl— H 

Dichlorhydrin ... 

CHIlo. 

CH.Cl 

AAA 

i 


fCiiri 

H H H 

H— A— A-C— H 

Trichlorhydrin ... ^ 

CHt'l . 

[ CH.Cl 

i 1 I 

Hydrochloric 

fcirci 

Cl Cl Cl 

H H H 

1 i i 

glycide or cpi. 


H— C— C — C-H 

chlorhydrin ... 

1 CH / 

C*1 lo>'' 


HALOID ETHERS OF THE MONAD POSITIVE 
RADICALS. 

Preparation . — Theao ethers ore produced by the following 
general reactions : — 

1. By the action of the hydracids upon the alcohols : — 

C.IIfc+,Ho + HCl = + OH.. 

AlcoboL Hrdrochlorio Haloid ether. Water, 

aoid. 

2. By the action of phosphorous chloride on the alcohols;—* 
8C.H^,Ho + PCI. = 8C.H,.+,C1 + POHHo,. 

AloohoL Phoei^horooe Haloid ether. Phosphoroas 

chloride. aotd. 

8. Bj the action of chlorine on the hydrides of the radi- 
cals ; — 

C»Hju4.iII + CI3 * 

HTdride. 


C.H^,CT + HCl. 

Haloid ether. HjdrodUoric 
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It is obvious that in these reactions bromine and iodine may 
be used instead of chlorine. 

These reactions apply equally to the and 0^112^-7 

series. 

For the preparation of the nitriles, which arc isomeric with 
the cyanides of the radicals, two special reactions (\os. 1 and 2) 
are employed. 

1. The distillation in the dry state of a mixture of the po> 
tassic sulphate of the radical ^^ith potassic cyanide : — 

SO,Ko(C\ir2«4,0) -h KCy = S(),Ko, + 

PotaMic Bul|thatc uf the PotiMRie PotnMio Abnormal cvauitle 

radical. cyanide. aulphatc. or iiitrilc. 

2. The fatty acids are converted into ammonium salts and 
distilled with phosphoric anhydride, ^\hen the abnormal cyanides 
of the positive radicals which they contain, or nitriles, arc pro- 
duced : — 

{oo‘"n,o) + - {oN"*' + 

Ammoniuni Phoafthonc Abnormal c^vanido Mctaphonphoric 

salt. anhydride. or nitrile. acid. 

3. By the action of chloroform on an amine in tlie presence 
of an alcoholic solution of potassic Iiydrate, a normal cyanide is 
produced. These cyanides are isomeric with those obtained 
by the two previous processes, and appear to contain nitrogen 
in the pentad condition : — 

Ammo. Chloroform. TTydrochlorir Cyanido. 

acid 

Reactions. — 1. Treated with alcoholic solution of potash, 
most of the haloid ethers of the i series, except the cya- 

nides, are reconverted into alcohols : — 

4- KHo - C„H 2 „+,Ho + KCL 

Haloid ether. PotMcic Alcohol. PotaiMie 

hydrate. ohlotidi*. 

2. The nitriles, or abnormal cyanides, under similar circuin- 

TOL. n. II 
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stances are converted into potassio salts of the acids which 
contain the poBitive radical of the cyanide : — 

{CN'^' + KHo + OH. = + MH,. 

Abnoraial PotMwio W^ter. PoUumo AnmuMiift' 

cyanidr. hydrat«‘. nalt. 

3. The nitriles or abnormal cyanides when submitted to the 
action of acids yield an ammonic salt and a fatty acid : — 

{cN'^' + 20H, = NH.Cl + 

Nitrilt*. Hydrochloric Wat«*r. Ammonic Fatty aouL 

uoid. chlonde. 

4. The normal cyanides when acted on by acids behave like 
hydrocyanic acid (see p. 28), producing formic acid and the 
hydrochloratc of an amine : — 

(Ji;?”""’ + HCl + 20H. = (SoHo + N(CA.+,)H.C1. 

CyaiiMlc. Il.vdrwhlonc WaUT. Fonnic Hydrochloratc 

Hcul. lUMtl. of amine. 

This reaction aj>pcar8 to take place in three stages; and in 
the case of jdienylie cyanide the intermediate compounds have 
been obtained : — 

+ 20H. - + N.(CH)'"(C.H.).H. 

Plionvlio IVatcr Formic Formyl-diphenyl-dianuae. 

cyanide. mnd. 

N.(CHr(C.H.).H + OH. - + (S^' 

Fomiyl-diphcnyl'dtaminc. Water. Phenyl fomiamidc. Fhtnylamiiie, 

(§'(C‘0H)H + * (St^’ + {oOHo- 

Phenyl formimidc. Water. Phcnylamine. Formieaoid. 

5. AVhcii the iodides are digested with zinc or magnesium, 
the radicals are either liberated or unite with the metal ; — 

+ 2Zn = ai(C.H^0» + 

Iodide. OrsaiKKaiM Ziaeie 

oonnpoond. iodide. 
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or 

2c.H»^,i + zn = 

Iodide. Prt*o Zinoio 

rtMlioal. iodidt*. 

6. When the iodides arc submitted to the action of sodiu 
ethylate, a mixed ether (or a simple ether if n=2) is formed : — 

C,H,Nao + 0 + Nal. 

flodio lodidi*. Ethrr. 

otlijrlate. 

7. The haloid ethers of the monad posit ivo radicals arc the 
rcj)reBentatiye8 of the hydracids of mineral chemistry, and 
unite directly with ammonia, producing salts which, when treated 
with potassic hydrate, yield compound ammonias containing tho 
basylous radical of the haloid ether in tho places of one atom of 
hydrogen ; 

Nil, -h Etl = NH.Etl. 

Ammonia. EOi^vlif EtliylAmnionK* 

lutlidc. ukIkIis 

NH,EtI + KHo = NEtll, + KI + Oil,. 

EthyUmmouc Potasaic Ethylnmiiic. Potnaaic Wnti>r. 

iodide. hydnts*. lodidts 

METHTLIC CHLORIDE. 

CH,C1 or MeCl. 

Molecular weight =s50 5. Molecular volume 1 litre of 

methylic chloride vapour weighs 25'25 criths. Boils at 
-21®. 

Preparation. — By heating together sodic chloride, metliylic 
alcohol, and sulphuric acid : — 

SOJlo, + Mello c= 80,MeoIIo -f OH,. 

Snlphario Mfthylio Salphomrthylic WaU-r. 

acid. alcohol. acid. 

SO,MeolIo + JTaCl = MeCl + SO,IloNao. 

BalphomctbjUe Sodio Ifcthylic Uydric aodic 

acid. ohloride. chloride. aultdiatc. 

B 2 
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Beaction.^'Bj the action of chlorine, methylic chloride pro- 
duces three substitution derivatives ; — 

Boiling* 

point. 

Monochlorinated methylic cbloridc, CH^Clj. 31® 
Dichlorinated „ „ CHCl,. 60®-8 

Trichlorinated „ „ OCl^. 78° 

Cldorofonn, acted on by powdered zinc and a solution of 
ammonia, produces metliylcnic dichloride, boiling between 
40® and 42®. J t seems 1 o d i ffer from monochlorinated methylic 
chloride, which is said to boil at 31®. 


CHLOEOFORM, Dichlorinated Methylic Chloride. 

CllCl.. 

Molecular weight =110‘r>. Molecular volume rTl » 1 litre of 
chloroform vapour weighs 51) 75 criths. Sp gr. 1*1S. Boils 
at (50® S. 

Preparation , — This compound is manufactured in large 
quantities by heating alcohol with a solution of calcic chloro- 
hypochlorito {chloride ofhme). It may also be made by treat- 
ing methylic alcohol in the same manner. For the reaction 
see p. 57. 

Beapiions, — 1. Chloroform is transformed into potassic for- 
mate by boiling "with alcoholic potash : — 

CIICl, + 4KHo = CIIOKo + 3KC1 + 20n,. 

Cltlorofonn* PotAsaic Potaamo PotaMic Witter, 

hj drste. formate. chloride. 

2. When acted upon by chlorine in the presence of sunlight, 
the hydrogen of chloroform is displaced by chlorine, and carbonic 
tetrachloride (CCl^) formed. 
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ETHTLIC CHLOBIDE. 

C,H,C1 or EfcCl. 

Molecular weight =64*5. Molecular volume PTl * 1 IH^^ 
ethylic chloride vajwur weighs 32*25 criths, Sp. gr, 0*874. 
Boils at 11°*5. 

Breparation . — Ethylic alooliol is saiuraied with hydrocldoric 
acid, and digested in sealed tubes at 100°Jbr one or two hours, 
when the mixture Be])aratc8 into two layers, the upper ono 
being the ethylic chloride : — 

Etllo + uc\ = Eta + Oil,. 

Alcohol. llydrodilono l.lhvln’ WuUt. 

* acid. i hluridc. 


ETHYLIC IODIDE. 

CJIJ orEtl. 

Molecular weight =150. Molecular volume Q]J. 1 Hire of 
ethylic iodide vapour tceighs 78 vriths. Sp. gr, 1*0161. 
Boils at 72°*2. 

Breparation . — By placing in a retort two parts by weight of 
alcohol and one of amorphous phosjdiorus, and then introducin/; 
five parts of iodine and distilling in a water-bath : — 

3C,II,IIo -f P + I, « 3CJII + POHHo,. 

AloohoL r.t hylic lMir>fiphoroui 

iodide. atnd, 

Btaetion . — Ethylic iodide, when heated with water in a 
sealed tube, produces other and faydriodic acid : — 

2aH,i + on, = -^ o + 2ni. 

Ethvlic Water. Etlicr. Bydnodic 

iodide. 
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The methylic and amyli<f iodides are similar liquids, and ob- 
tained by analogous processes ; the methylic iodide, CH,!, has 
the sp. gr. 2*237, and boils at 42° C. Amylic iodide, O^Hj J, has 
the sp. gr. 1*511, and boils at 146°. 

The haloid compounds of the allylic and phenylic scries are 
of comparatively little importance. 


HALOID ETHERS OF THE DYAD FOSITIVE 
RADICALS. 


1. Haloid ethers of the form CJIottUoCl. 

Preparation . — These ethers are prepared by the action of the 
hydracids on the glycols. The following will serve as examples 
of this class : — 


Ethylcnic chlorhydrate or chlorhydric glycol 
Ethylcnic iodhydrate or iodhydric glycol . . . 


cii,Ho 

cii,cr 

CILHo 
CHJ • 


Treated with potassic liydrate, both these bodies give ethy- 
lenic oxide, as previously described (j). 90). 


n. Haloid ethers of the form C^Ha^Cl,. 

Preparation . — These ethers are generally formed by the 
direct union of the dyad radicals with the negative elements. 

The following list comprises the chief members of this 
class : — 

Boiltnf>poiot. 

Methylonic chloride CH^Clj 40° 

M iodide CH,I, 181° 

Ethylcnic chloride CaH^Cl, 85° 

„ bromide C,H^Brj 129° 
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Ethylenio iodide ... 
Propylenic chloride 
„ bromide 

„ iodide... 

Butylenic chloride 
„ bromide 

Amylenic chloride 
„ bromide , 


C3lI„Cl, 103° 

C,ir„Br.j 

CJIA — 

C, 11,(1, 127° 

IGO^ 

CJI,A — 

. ... 175° 


By the action of potassium, sodium, or zinc, the radicals aro 
again liberated, except in the case of the methylene compounds. 
The bromides are the most important memhers of th(* series. 


ETHTLENIC BROMIDE. 

C.,H^Br, or | (j|[ Br.,. 

Molecular weight = 18 S. Molecular volume f'D* 1 

ethglenic bromide vapour weighs 01 criths, Sjh gr. 2*10. 
Fuses at —18^ Boils at 120° 


Preparation , — By agitating bromine and water with ethy- 
lene. 

lieactions, — 1. Boiled with alcoholic potash it yields hrom- 
ethylene or vinylic bromide : — 

C.,H,Br 3 + KHo « C^H.Br + KBr -f OH,. 

Ethylenio PotMwo Vinylic broninU' PoUimh* 

bromide. hydrate. or brorocibyicnc. bnrtnudc. 


2. Heated with an alcoholic solution of potassic acetate, it 
yields monaoetic glycol. 


{§§:£ + 2CMeOKo + Oil, = 

Ethylenio PotMaio Water, 

brmde. acetate. 


/ Cn,-O.CMe() 
t CH,IIo 

Monacc'tic glycol. 


•f CMeOHo + 2KBr. 

Acetic PotaMBo 

acid bromide. 
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ETETLENIC CTAEIDE, Eth^lenie Nitrile. 


/CH.Cy 

tCH.Cy 


CJI.Cy,. 


Fuses at ZT. 


Freparation . — By heatiDp etliylcnic bromide with potassic 
cyanide to 100° for sixteen hours : — 


{c5:5j + 2on"k = 

JCthyUmio 

bromide. cyamde. 


CII/CN") 

ClI/CN'") 

Ethylonie 

nitrile. 


+ 2KBr. 

Potaamo 

bromide. 


’Reaction . — When boiled with alcoholic potash, ethylenic 
nitrile or abnormal cyanide yields potassic succinate : — 


Cir,(CN"') 

OH,(CN''') 

rthvl« nio 
iiitriU . 


+ 2K'IIo + 20H. 

PotiHvn “W atir. 
bjdrnU. 


CH^CCOKo) 

CH^COKo) 


Potawic 

auccinate. 


-h2NH,. 


Ama^nia. 


HALOID ETHERS OF THE TRIAD FOSITITE 
RADICALS. 


1. of the form C„Hn„_,lIo,Cl. 


Chlorhydrin 


Cn,Ho 
CIICl 
CH Ho 


Boiling- 

point. 


227°. 


f CIUIo 

Bromhydriu . . . ■{ CH Br ISO® in vacuo. 

[ ClI^Ho 


II. of the form C,Hj,_iHoCl,. 

fcnp 

Dichlorhydrin... ■{ CIIHo 180“. 

I CH,C1 
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III. of the form C^H.*h-iC1j, 

IKMUt. 

( CH3CI 

Trichlorhydrin..{ CHCl 155*^. 

[ CH,C1 

IV. Of the form C„H,«„iOCl. 

Hydrochloric f CH.^ ^ 

glycido or epi- j 118^. 

cblorhydrin ... I CH^Cl 

Preparation . — The ethcrB of tlio first three forms arc obtained 
by the action of fho hydrocids iijxm g]} cerin ; w hilsl those of the 
fourth are produced by the action oi‘ alkalies upon the sccoud 
form of compounds. 


CHAPTER XV. 

THE ALDEHYDES. 

These compounds are intermediate between the alcohols and 
the acids. They are formed from alcohols by the abstraction of 
hydrogen ; hence the name, which is an abbreviation of alcohol 
dehydrogenatum. 

Three series of aldehydes are known, corresponding to the 
three series of monacid alcohols, viz. 

A. Aldehydes derived from C„H 2 n+iHo alcohols. 

B. ,, „ „ CulIjrt-iHo ,, 

C. „ „ ft „ 

Preparation. — 1. The aldehydes are formed by the oxidation 
of the alcohols ; ethylic alcohol, for instance, yields acetic alde- 
hyde : — 
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JCH. 

tCH,Ho 

Bihylio 

alcohol. 


+ 0 


/CH, 

tCOH 

Acptic 
aldehyde *. 


OH,. 

Water. 


2. Aldehydes are also formed by distilling a mixture of mole- 
cular quantities of the potassie salt of a fatty acid and of potassic 
formate : — 


CH, 

COKo 

Potaiwio 

ao4<tate. 


I” 

\COKo 

formate. 


/cn, 

tCOK 

Act'tic 

aldehyde. 


+ COKo,, 


PotaMio 

carbonate. 


This is an important reaction, as by its means the series 
of fatty acids can be ascended; for the aldeliyde may next 
bo transformed into an alcoliol hy nascent hydrogen then the 
alcohol converted into an abnormal cyanide or nitrile, which 
by treatment with potassic hydrate gives the potassic salt of 
the next higher acid. Thus : — 


fCH, 

\COI{ 

Awtio 

nldt'hydr. 


+ H, 


_ /ClI, . 
“ tOH.lIo’ 


Ethvlir 

aU'ohol. 


SOU, 

\ CH,Ho 

Ethvlio 
aloonoL 

SOgHoEto 

Bolphormio 
add. 

f CMeH, 

tCN'" 

Bthylio 
aiirile. 

Starting again with potassic propionate, instead of potassic 
acetate, the same series of reactions can be performed, resulting 
in potassic butyrate, and so on. 


-t- 

so., Ho, 

= SO,HoEto + OH,; 


Bulphuric 

acid. 

8ul|»hf)Tmio Water, 

aoul. 

+ 

ON'K 

= SO,KoHo + 1 

CMeir., 
ON'" » 


Fotaimio 

oynnidtf. 

Hydric potawio 
•ulphate. 

Ethylio 

nitrile. 

•f 

KHo -h 

OH - /CMeH, 
OH, - |coKo 

+ NH,. 


PotaMio 

hydrate. 

Water. PotaMte 

propionate. 

Ammonia. 
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Beaeiiont. — 1. By direct absorption of oxygen, the aldehydes 
are tiansforined into the corresponding acids > 


tCOH 

Aldehyde. 


+ 0 


rc.n^, 

\OOHo ■ 

Acid. 


2. Also heated with ammoniacal solution of argentic oxide, 
the aldehydes are converted into acids, metallic silver being 
deposited : — 


fcjr^+. 

toon 

Aldehyde. 


+ OAg^ = 

Argentic oxide. 


1 

COHo 

Aoid. 


+ Ag,. 


3. AVhen heated with potassic hydrate, the aldehydes yield 
the potassic salts of the corresponding acids, with evolution of 
hydrogen: — 


ICOH 

Aldehyde. 


4- KTTo = 


PnfANiiie 

hydrate. 


f C„H 2,^.1 
tCOKo 

Potaiwio 

salt. 


+ II,. 


4. Treated with nascent hydrogen, they are converted into 
the corresponding alcohols : — 

fC.H,.,, 
t ClI,lio • 

Alcohol. 


J 

i COH 

Aldehyde. 


+ H, 


6. Most aldehydes combine directly with ammonia, forming 
crystalline compounds : — 


Icon 

Aldehyde. 


+ Nir, 

Ammonia. 


“ { 


co(j5m*)‘ 

Ammonitim 

oom|>ouiid. 


6. Aldehydes also combine w ith tho alkaline hydric sulphites, 
producing crystalline compounds ; — 

+ SOKoHo 

Aldehyde. Hydric potaaeic 

folplute. 


SOKoHo, 
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A. ALDEHYDES DERIVED FROM THE C«H2„+iHo 
SERIES OF ALCOHOLS. 

The following are known : — 

Ttuiof^ Boiling- 

point point 

Fonnio aldehyde 

Acetic aldehyde | 21®. 

rropiomcaldehyde..|§^'/^» or (iO’-^S’). 

Butyric aldehyde .. {coi?" (C8'-75"). 

Valeric aldehyde • • • { 001 ”' 

<Enanthic aldehyde.. ‘'f { 

Capric aldehyde ~ 

Euodio aldehyde + T'- 213\ 

Laurie oldeliydo {cck'l^^''^^^' ^3S1‘. 

Palmitic aldoliyde . . . | 52®. 

ACETIC ALDEHYDE, Aldehyde. 

/CH, 

icon- 

Molecular iceight =11. Molecular volume m . 1 litre of 
aldehyde vajwur treighs 22 criths, Sp. gr. =0*79. DoiU 
at 2^*8. 

Freparation, — 1. By oxidizing alcohol with chromic acid, 
chlorine water, or manganic oxide and sulphuric acid : — 

{ch|iIo + 0 = + OH,. 

Ethrlio Aortic Water. 

alooikoL aldehyde* 

2. By oxidation, casein, 9brin, and albumen also yield aide- 
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3. Aldehyde is formed when the vapour of alcohol or ethor 
is passed through a tube heated to dull redness. 

BeactioM, — 1. It gradually absorbs oxygen from the air, 
forming acetic acid, into which it is also readily converted by 
oxidizing agents ; — 

fCII, , o - /CIIj 

tcOH + t) - jcoijo. 

Acetic Acetic 

aldehyde. ueid. 

2. It reduces silver salts, depositing Instpous metallic silver 
on the sides of the vessel. 

3. By the action of phosphoric chloride on aldehyde, ethyli- 
dcnic dichloridc is produced : — 

{coil “ (ciiri, 

Awtic Phoophonc Kthyhd**ni(’ Phosphoric 

aldehyde. thlorule diel'iloruie. oxytriehlondc. 


4. When submittctl to tlio action of polaRHium, ono atom of 
hydrogen is substituted by an atom of the metal, the compound 

fcir, 

\OOK 

being formed. 

5. Hydrocyanic acid transforms aldehyde into alanin : — 

fCM:eH(N'''lU 
“ t COlIo 

Awtic Hydrocramc Water. Alanin. 

aldehyde. 


JCii, 

tCOH 


NCII 

Hydrc^ani 

acid. 


+ OIL 


By the action of nitrous anhydride, alanin or loctamic acid 
is converted into lactic acid : — 


2 fCMpH(N'"H,) 
^ t COHo 

Alanin. 


+ NA 

Xitronv 

anhydride. 


„ f CMcTIIIo 
^ I COllo 

Lactic 

acid. 


+ 2N, +OH,. 

Water. 


Tliere are three isomeric raoditications of aldehyde: — 
Metaldehyde^ crystalline, subliming at 120®. 
Paraldehyde^ liquid, boiling at 125®. 

Elaldehyde, crystalline, fusing at 2®, boiling at 94®. 
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Bj the action of chlorine upon alcohol, trichlor-aldehyde is 
formed containing 8 atoms of chlorine in the place of 3 atoms 
of methylic hydrogen. It is named ehloraly 

/OCI3 

jCOH- 


This compound immediately unites with one molecule of 
water, forming chloral hydrate, which has the following con- 
stitutional formula : — 


reel, 

iCHHo; 


In the same operation chloral alcoholate is generally produced. 
Its constitution is expressed by the following formula : — 

fcn, 

t CllEtoIIo* 


B. ALDEHYDES DEBWED FROM TEE C,.ITo„.,Ho 
ALCOEOLS, 

ACROLEIK. Acrylic Aldehyde, 

( CMe 'H 

toon * 

Molecular weight *=56. Molecular volume f TI - 1 Wre of 
acrolein vapour weighs 28 erifhs. Roils at 52° 4. 

Rreparation. — 1. By the action of phosphoric anhydride or 
of sulphuric acid on glycerin . — 

joHlBo" 20H, + {coH^ 

Glyornn. W»ter Acrohin 


2. By the oxidation of allylic alcohol : 


J CMe "H 
[ OH,Ilo 


+ 0 = 


r OMe''H 

tcou 


Alljbo Aorolcin. 

aloohol 


+ OH,. 

lITttter. 
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8 By ihe action of heat on the product of the union of ace- 
tone with bromine : — 


fCOMe 

tCH, 

Acotune. 

f CMeBr, 

t Cir^Ho 


+ Br, 


f OMeBr, 

tOH.Ho = 


CMe'lI 

coil 

Acroh'in. 


+ 2IIBr. 

Hyilroliromic 

noid. 


Beaction . — By oxidation, acrolein yicldH acrylic acid : — 


f OMc"H 

\ coir 

Acroh'in. 


+ o 


CMe’ir 
COHo ■ 

Arrylic aiuf. 


C. ALBERYDES DERIVED FROM THE C„ir„.,ITo 
ALCOHOLS. 

Doilinf;* 

Benzoic aldehyde | -IhO®. 

Cuminic aldehyde . . . . | qq j j • • 220°-4f. 


BENZOIC ALDEHYDE, Oil of Bitter Almonds, Hydride of 
Benzoyl. 

f C.,H, 

( COH* 

Molecular weight s=sl06. Molecular volume PTI * 1 of 
benzoic aldehyde vapour weighs 53 criths, 8p» gr, 1*048. 
Boils at 180®. 

Preparation, — 1. By the oxidation of amygdalin by nitric 
acid, and by the action of a mixture of manganic oxide and sul- 
phuric acid on albumen, fibrin, casein, and gelatin. 

2. By digesting bitter almonds with water for five or six 
hours at The synaptase present acts as a ferment on 
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the amygdalin, converting it into glucose, benzoic aldehyde, and 
hydrocyanic acid : — 

+ 20H. = { + NCH + 2C.H„0.. 

Amygdalin. Water. Bonaoio Hydroc^nic OlaooM. 

aldehyde. acid. 

3. By digesting together plumbic nitrate, water, and benzylic 
chloride (chlorotoluol), benzoic aldehyde is formed: — 

2 (coft- 

Renzylio Plumhio Nitrom Water. Plnmbio Benzoio 

chloride. nitrate. anhydride. chloride. aldehyde. 


Tlic benzylic chlorido is prepared by passing chlorine into 
the vapour of boiling toluol. 

fractions. — 1. When exposed to the air, benzoic aldehyde 
absorbs oxygen and is converted into benzoic acid : — 

/C„TI. 

[COII 

Benzoic aldehyde. Benzoic acid. 


o - 

- 1 OOIIo- 


2. llcntcd with solid potassic hydrate, it gires hydrogen and 
potassic benzoate : — 


/C„H, 

\COH 


Benzoic 

aldehyde. 




= {S?Ko 

Potassic Potaoaic 

hydrott'. benzoate. 


+ H,. 


CHAPTER XVI. 

THE ACIDS. 

The acids form tho most numerous family of organic com- 
pounds. 

Many of them are contained in plants in the free state, or 
in combination as metallic or ethereal salts. 
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Others are produced bj the action of chemical agents on 
Tariotts organic substances. 

Some are formed iu the animal organism, os, for instance, 
formic, paralactic, oleic, and stearic acids. 

The organic acids are divided into three great classes, accord- 
ing to their basicity ; — 

. 1. Monobasic acid'). 

2. Dibasic acids. 

3. Tribasic acids. 

The basicity of organic acids is determined by the following 
simple law : — an organic acid containing n aemitnolecules qf 
oxatyl 18 rxrhoBic. 


MONOBASIC ACIDS. 

Tho monobasic acids, which always contain a single semi* 
molecule of oxatyl (COHo), include tho six following series : — 

General formula*. 

1. Acetic or fatty series 

2. Acrylic or oleic series 

3. Lactic scries 

A Pyruvic series 

6. Glyoxylic series 

6. Benzoic or aromatic series 

The 1st, 2nd, 3rd, 5th, and 6th of these series may be regarded 
as tho derivatives from corresponding series of alcohols. 

1. The Acetic series from the Methyl scries of alcohols. 


2. „ Acrylic „ 

„ Vinyl „ 

W 

8. „ Lactic „ 

„ Glycol „ 

» 

» Glyoxylic „ 

„ Glycerin „ 

91 

6. „ Benzoic „ 

„ Phenyl „ 

ft 

YOL. II, 


I 


OOllo • 

COUo 

C(C.iu+,)(Cjr^+,)iio 

COHo 

CO(C’„H,„+.) 

COHo 

C ( C„Il2„^i)Il0j 
COHo 

COHo • 
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The acids of the first, second, fourth, and sixth series are 
termed monohydric as well as monobasic ; whilst the acids of 
the third series are termed dihydric and monobasic, indicating 
their origin from the dihydric alcohols, and that they contain 
two somimolecules of hydroxyl, one of which is in the oxaiyl 
or negative part, and the other in the positive part of the mole- 
cule. The hydrogen of the latter hydroxyl may be displaced 
by highly positive metals, in the same manner as the hydrogen of 
the hydroxyl in alcohols ; but it cannot be displaced by double 
decomposition with bases, in the same manner as the hydrogen 
in the oxatyl may bo substituted. 

The acids of the fifth series arc termed trihydrie and mono- 
basic, indicating that they are derived from the trihydrie alco- 
hols, and that they contain, besides the hydroxyl in the oxatyl, 
two other Bcmimoleculcs of hydroxyl in the positive part of, 
the molecule. 


1. ACETIC OB FATTY SERIES OF ACIDS. 


General formula... | 

These acids may be conveniently arranged under three divi- 
sions, viz. 


A. Normal atdds. 

General formula . . 

B. Secondary acids. 

General formula... 

C. Tertiary acids. 

General formula... 


\ COHo 

rc(c.H^0.H 

tcOHo 
1 COHo 
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A. NOEXAL AOWS OF THE ACETIO OB EATTT 
8EBIE8. 

General formula... { 

In formic acid, which is generally considered to bo the first 
term of this division, the radical C(C„Il 2 »^.i)IIa is replaced by 
II ; and in acetic acid the value of n=0. In reference to the 
following list of normal fatty acids, it must bo borne in mind 
that the normal character has not been establislied in the ease 
of those members which possess a higher molecular weight 
than cenanthylic acid : — 


/IJ 

Ftiaini^ 

point. 

Boilinf* 

point. 

+ 1° 

100°. 

\ OOITo 



“(glib. 

^-17^ 

117°. 

■■■ 

. 

141°. 


below 

—20°. 

161°. 


— 

178°. 


— 

175° 

OO 

k 

. +6°. 

198°. 


— 

212°. 


+ 14°. 

286°, 


+18°f 

260°. 
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Oapric acid | 

C(CH„)H, 

OHo 

point. 

27'’2(30'’). 

Laurie acid | 

COHo 

43'’'6. 

Myristic acid | 

53°-8. 

Palmitic acid | 

COlIo 

02". 

Margaric acid | 

•C(C IIJH, 
.COHo 

59°-9? 

Stearic acid j 

ro(c.„ii3,)H, 

[COHo 

GD°-2. 

Arachidic acid 


75^ 

Behenic acid 


7G^ 

Hyocnaaic acid 

fC(CJl„)Tl, 

[ COHo 

IT. 

Cerotic acid 

rC(C,ii..)H, 

jeOHo 

78". 

Melissic acid 

J C(C H„)H, 
(COHo 

88“ 


Occurrence . — The greater number of the acids of tliis series 
are met with already formed in nature, some in the free state, as 
formic acid in ants and nettles, valeric acid in the valerian 
root, pelargonic acid in the essential oil of the Felarffonium 
roeeum, and cerotic acid in bee’s-wax. 

Others are met with as the ethereal salts of monohydrie 
alcohols. Thus spermaceti is cetylic palmitate, and Chinese wax 
cerylic cerotate. 

A large number exist as natural fats in the form of the 
ethereal salts of glycerin : this is the case with butyric, pal- 
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mitic, and stosric acids, wliicb, united with glycerin, form 
respectively butyrin, palmitin, and stearin. 

Formation. — 1. By the oxidation of the normal alcoliolH of 
the methyl series, as in tho conversion of alcohol into acetic 
acid by heating it with a solution of chromic acid : — 


{%%o + 0. - 

fcir, , 

ICOTIo + 

on,. 

Alcohol. 

Acetic 

oeul. 

Water. 

2. By the action of alkalies or acM'ds upon the nitriles or 

abnormal cyanides of tho 

series of radicals 

: — 


“ t CtHvo 

+ Nlf,; 

Nitrile. Pniiimio Water, 

hydrate. 

Potaaiio 

•alt. 

Ammoaia. 

and 




_ fC„TI.,,+. 

+ Nil, Cl. 

Nitrile. Hydrochloric Water, 

acid. 

Acid. 

Animnnio 

chloride. 


Instances of these reactions are seen in tho treatment of 
ethylic nitrile by a boiling solution of ])otasHic hydrate, when 
it is conrerted into potassic propionate, ammonia being evolved, 
thus — 


{ 


CMeH, 

CN"’ 


Etbjlio 

aitim 


+ KHo + OH, = + NH.; 

PotMilio W'ater. Pota«Bir Ammonia, 

hjdmie. profionato. 


and in the conversion of ethylic nitrile, by tho action of hydro- 
chloric acid, into ammonic chloride and propionic acid — 

+ HCl + 20n, - {gMeH, ^ 

Stbjrlie Hjdrochloric W'atcr. Propionic Ammonio 

sitrilr. a^ aci^ chJoridc. 
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8. By the action of the potassiiun or lodinm compounds of 
the C.Ha^i radicals upon carbonio anhydride — 

CO, + O.H^.Na = {g-^. 

Carbonic Sodium Bodio 

anhydride. oompoond. salt 


as, for example, in the formation of sodic propionate by the 
absorption of carbonic anhydride by sodic ethide : — 

CO, + OMeH,Na = {g^g^. 

Carbonic Bodio ethide. Bodio 

anhydride. propionate. 


4. By the oxidation of aldehydes — 


con + ^ - 

Aldehyde. 


fc.n^+, 
1 COHo ’ 


Acid. 


as in the conversion of acetic aldehyde into acetic acid by 
the absorption of atmospheric oxygen : — 


fCH, 

\ coil 

Acetic 

aldehyde. 


o 


rcH, 
t COHo- 


Aoetio 

acid. 


Besides those reactions of general application, there are 
numerous special methods for the production of certain mem« 
bers of this series. In most of these methods, however, the 
reactions cannot be clearly traced. 

Thus, by the oxidation of albumen, fibrin, casein, and other 
similar substances, there are produced formic, acetic, propi- 
onic, butyric, valeric, and caproic acids. 

Propionic and butyric acids are produced in some kinds of 
fermentation ; and acetic acid is obtained by the destructive 
distillation of wood and other similar substances. 
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BehUioM of the formal Fatty Acids to the Series of 

Badicals. 


1. When these acids are submitted to the action of nascent 
oxygen evolved by electrolysis, the negative radical oxatyl is 
converted into carbonic anhydride and water, the positive 
radical being sot at liberty : — 


2{ofe‘ + 0 

Add. 


PoffitMo r«tplKmn< Wat<‘r. 

radical anh^drnic. 


On electrolyzing a solution of potassic valerate, hydrie po- 
tassic carbonate and the normal radical hulyl are formed : — 

‘Ho'oko + oh. + 0 - + 200 H 0 K.. 

Potaaaio Water. Butyl. Ilydno iiotamio 

Tolerate. earbouati*. 

2. When the ammonic salts of these acids are heated with 
phosphoric anhydride, they are converted into the nitriles or 
abnormal cyanides of the radicals of tint C\,ll 2 »+i series — 

{ofe.O) + - {a"’"' + 

Ammonio lalt. Fhoii|ihonc Nitrile Mcta|)hof«phono 

anhydride. auid. 


as in the transformation of ammonic acetate into mcthylic 
nitrile by distillation with phosphoric anhydride : — 

{c5k-H.O) + 2P.O. - {ggj. + 4POJI0. 

Anunonio Phonphorio Mi’thvlio MrtaphoMphono 

•ootata. anhydride. nit rue. acid. 

These abnormal cyanides are converted into monohydric 
alcohols by Mendiu8*8 reaction (see p. 55). 

Prom the alcohols so obtained, the radicals are iso- 

lated as described at page 53. 
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Selations of the Normal Fatty Adda to the CnHsta 4 iHo Series of 
Alcohoh. 


1. By oxidation the normal alcohols yield these acids, as 
above shown. 

2. Conversely, the normal fatty acids can be converted into 
the C„Hjj„ 4 .iHo alcohols, — 

Ist, by Mendius’s reaction (see p. 55); 

2nd, by Piria and Wurtz’s reactions, viz. : — 

Distillation of the potassic salt of the fatty acid with nn 
equivalent quantity of potassic formate, by which the acid is 
converted into the aldehyde, 


(OOKo + iCOKo (COK + COKo,, 

Pot4iMio PofitsMo Potawic 

•ftlt. furiiiatt*. * oar1x>iuite. 

and subsequent treatment of the aldclij de by nascent hy- 
drogen, 


f C.II..,,, 
t coil 

Aldehyde. 


II, 


~ 1 cigio- 

Normol 

aleuboL 


8. By the action of sodium amalgam upon a mixture of the 
acid and chlorncid : — 


'^iCOHo 

- 1 

, COCl 

+ 

2Nb, = 

^ \ COKao 

Acid. 


Chtorv*id. 



SodicMlt. 


* 1 

f 

[ CH,IIo 

+ 

NaO. 



Alcohol. 


The anhydride of the acid is also formed and converted, by 
the nascent hydrogen evolved by the action of the sodium upon 
the acid, into alcohol. 
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JSeUUians of the Nonwil !Eatty Acide to each other. Ascent of 
the Series. 


If the hydrogen constituting the positive part of formic acid 
were substituted successively by methyl, ethyl, &e., the whole 
series of normal fatty acids would be obtained : — 


Formic acid 

Acetic acid 

Propionic acid . . . 
Butyric acid .... 


rii 

COHo • 
fCfr, 

{ COHo* 
fC,H, 
COHo- 
C,H. 
COlIo ‘ 


This substitution has not yet been accomplished; but an 
analogous series of reactions has been etlected w'ith acetic acid. 

By the action of sodium on acetic ether, one of the hydrogen 
atoms in the positive part of the compound becomes substituted 
by sodium, producing 

Monosodacetic ether | 


By acting on this body with the iodides of the radi- 

cals, ethylic salts of tlie higher acids are produced. 

On submitting monosodacetic ether to tlie action of ethylic 
iodide, for instance, butyric ether is produced — 


fCH_Na 
I COEto 

Monosodacetic 

ether. 


+ c,n,i 


Ethrlic 

lo^'de. 


_ fcrr.iiju, 

~ \ COEto 


» + Nal. 


Biitjrio 

cthVr. 


Prxlic 

iodide. 


FORMIC ACID. 

{cOHo“®HOIIo. 

Molecular tceight =46. Molecular coltme rTI . 1 litre of 
formic acid vapour weighs 23 eriths. Sp.gr. of liquid 1*2863 . 
Fusee at I** C. Boils at 100® C. 
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Oeeurrenee , — If red ants be made to pass over blue litmus- 
paper and be at the same time irritated, they leave a red streak 
behind them, produced by the formic acid which they eject. 
By placing the hand on an ant-hill, a tingling sensation is felt 
from the same cause, and the hand acquires the powerful and 
pleasant odour of formic acid. 

Formic acid also occurs in the hairs of certain caterpiUars 
and in the sting of nettles. 

Formation. — 1. Formic acid is produced in a very large num- 
ber of chemical reactions, as in the oxidation of many organic 
bodies (such as starch, woody fibre, or tartaric acid) by a 
mixture of sulphuric acid and manganic oxide, or by potassic 
hydrate or chromic acid. 

2. By the action of potassic hydrate on chloroform, potassic 
formate is generated : — 

OHCl, 4- 4KHo = CIIOKo -f 8KC1 + 20H,. 

Ohloroftim. PotMaio Potamio Pntamio Water. 

liydraU*. formate. cblonde. 

8. By the oxidation of mctbylic alcohol : — 

{on,Ho + 0, = |coHo + 

Methylio Formio Water, 

alocdioi, acid. 

4. By heating equal weights of dry oxalic acid and glycerin 
together to 75^ C., when the oxalic acid splits into formic acid 
and carbonic anhydride : — 

fCOHo _ fH . 

tcOHo - tCOHo + 

Oxalic P(tfmio Carbonic 

acid. acid. anhTdride. 

6. By digesting together at 100®, for forty-eight hours, 
potassic hydrate and carbonic oxide . — 

KH. + 00 = 

Potaaaio Carbonie Potaaiio 

hydrate. SmMlft, 



ACBTIC ACID. 128 

6. Formic acid is produced in small quantities by digesting 
carbon with permanganic acid. 

Formic acid from any of these sources is obtained in the 
concentrated state by decomposing plumbic formate with sul« 
phuretted hydrogen, and afterwards rectifying the acid over 
plumbic formate : — 

gggpbo" + SII. - + PM". 

Plumbic Sulphuretted Formic Plumbic 

formate. hydrogen. acid. tulphide. 

Character , — When heated with concentrated sulphuric acid, 
formic acid splits into water and carbonic oxide ; — 

{oOIIo - CO + OH, 

Formic Carbonic Water, 

acid. oxide. 

Chlorine converts formic acid into hydrochloric acid and car- 
bonic anhydride : — 

(ooiio + «. = “O + 00, 

Formic Hydrochloric Carbonic 

acid. acid. anhydride. 

When heated with excess of mercuric oxide, it is converted 
into carbonic anhydride and water, tho mercury being reduced 
to the metallic state : — 

{cOHo + - ®0, + Hg + OH.. 

Formic Merourie Carbonic Water, 

acid. oxide. anhydride. 


ACETIC ACD). 



Moieaihr tmgM =60. Moleeular volume I I I . 1 lUre pf 
oeetie add wppour wigho 30 eritht. Sp.gr.qfUgmd l'06i. 
Fatetat-^ir. BotUatlVT. 
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Oeeurrence.-— Found in small quantities in the juices of 
plants and in animal fluids. 

Manufacture, — 1. By the destructive distillation of wood, 
a liquid is obtained which contains acetic acid ; the acid is 
purified by being converted first into a calcic, and then into, a 
sodic salt, the latter being afterwards decomposed by sulphuric 
acid. 


2. By the oxidation of ethylic alcohol : — 


+ O 

tClI,Ho + 

Ethylifl 

alcohol. 


{coiio 

Aretie Water, 

acid. 


Preparation. — Pure acetic acid may be obtained by distilling 
potassic diacetatc : — 


fCH, fCII, 
tCOKo’ tCOHo 

Potaific diacctatc. 


/cii, 

[ COKo 

PotaitKic 

aci'tvit**. 


+ 


JCH, 

ICOHo- 


Aci'tio 

acid. 


C^erflc^cr.—Chlorino acts on acetic acid in sunlight, pro- 
during three chlorinated acids, in which chlorine is substituted 


for hydrogen : — 


( COlIo + 

_ fcn,ci jjp, 

~ (Coiio + 

ArHio 

acid. 

Honochloracctic ll}dn>chlorio 
acid. ' acid. 

fcnxi , 
icoifo + 

p, _ . f CIICl, . „p, 

= icoilo + 

Honot'hloract V.c 
ach). 

Dichloracetic llydrof'hlorio 

acid. * acid. 

fCHCl, . 

tCOHo + 

- (coilo + 

Dichloracctio 

acid. 

Trichloracetic Ilydrochlorio 

add. add. 


The salts of acetic arid in which the hydrogen of the oxatyl 
is replaced by monad metals have the general formula 

CH, 

COMo- 
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The acetates of the dyad metals have the constitution repre- 
sented by tho following general formula : — 


CH, 

or 

CO-0^ 

CH, 


CMeO 
Mo" or 
CMeO 


CMoO-0 

CMeO-O 


M". 


By the action of phosphorous clJoridc, acetic acid yields 
occtylic chloride : — 

’{o'Jko + -^{oc'Jci + 

Pliosphorous Acidly Ho l*hf)«i»liorou« 

acid. ohlurtilo. chluridu. Ui'ul. 


PEOPIOKIC ACID, Methacetic Acid 
tcOIIo ‘ 

Molecular wnght =74. Molecular volume I I 1 . 1 litre of pro- 
pionic acid vapour iceighs 37 critlis. Boils at 141®. 


Breparaiion, — 1. By the oxidation of metacetono — a liquid 
obtained by tho distillation of a mixture of sugar and lime. 

2. By tho action of concentrated solution of potassic hydrate 
on sugar. 

3. By the fermentation of glycerin, and also of sugar, by 
means of putrid cheese in the presence of calcic carbonate. 

4. By the action of potassic hydrate or hydrochloric acid on 
abnormal ethylic cyanide (see p. 117). 

5. By the action of carbonic anhydride on sodic ethide 
(see p. 118). 

6. By the action of hydriodic acid on lactic acid : — 


fCMeHHo . nrrT „ f CMeH, 
ICOHo + “ jeOHo 

LMtio Hydriodic Propionio 

add. acid. acid. 


OH, + I,, 

Water. 
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BUTTBIC ACID, Mhaeetic Acid. 
rOEtH, 
tCOHo* 

Molecular weight bb88. Molecular volume f 1 1 . 1 litre of 
butyric add vapour vidghe 44 criths. Sjp. yr. of liquid 
0*9886. Fuses below —20°. Boils at 161° C. 

Occurrence . — In butter, juice of flesh, perspiration, and many 
animal secretions. 

Preparation. — 1. By the fermentation of sugar with putrid 
cheese. 

2. By the action of ethylic iodide on sodacetic ether (for 
reaction, see page 121). 


VALEBIC ACID, Valerianic Add. 

J CPrll, 

1 COllo* 

Molecular weight ^\02. Molecular volume fTl . 1 litre of 
valeric acid vapour weighs 51 criths. Sp. gr. of liguid 
0*937. BdUatm^. 

Occurrence . — In many plants, as in the roots of valerian and 
angelica. 

Preparation . — By the oxidation of amylic alcohol with a mix- 
ture of sulphurie acid and dipotassic dichromatc : — 

+ 0 . - + on.. 

Amrlio Valeric Water, 

aloonol. acid. 

Isomeric Jbrme.^There are four possible isomers of valeric 
acid: — 

Normal Taloric add or j CPrH, _ f CH,(CHJCH,(CH.)]) 

propaceticadd jcOHo ® \Coiio 

H H H H 

H— (!)—(!!— C—'—d' C-= O 

i i i ‘ A A 



IS0HEB8 OF VAUEIC ACID. 


1*7 


...{gSgH. 0. 

H 

n-i- H H 

H— ^ Lc c-o 

I i I : I 

II— C— II II 0 

i I'l 


Methethacetic acid... 


fCII(CII.)[CH.,(CH,)] 
\ COHo 


H 


II II H— ('— II 


II_C_C (' C= 0 

i (I 


H 


ir 


Trimethacetic acid (coilo"’’ (coili^’- 

n 

H— II 


H 

H— ^ 


i 


-C- 


-c=o 

i 


H— C—II H 


i 


Of tliese, the normal, the iaopropacetie, and the trimetha- 
oetic acid are known. 
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B. SECONDABT PATTY ACIDS. 

General formula... ■[ 

Formation. — 1. By the action of tlio iodides of the 
ra.dical3 on disodacctic ether, the ethereal salts of these acids 
are produced. 

2. By the action of a boiling solution of caustic potash upon 
the nitriles or abnormal cyanides of the secondary radicals. 


DIMETHACETIC ACID, or Isohifi/ric Acid, 

JCMeJI 
t COUo * 

Molecular weight =88. Molecular volume m . 1 litre of 
dimelhacetic acid vapour weighs 44! criths. Boils at 152°. 
Isomeric with hutgric or eihacetic acid. 

Freparation, — 1 . As a potassic salt, by the action of methylic 
iodide on disodacctic ether and the subsequent decomposition, by 
alcoholic solution of potash, of the ethereal salt so formed : — 


fCNiLlI 

\COEto 

+ 

2MeI = 

f CMe,H 
t COEto 

+ 

2NaI. 

Difodnoetic 

ether. 


Mrthrhc 

unii^e. 

Dmietheoetic 

ether. 


Sodic 

iodide. 

f CMe,H 
^ OOBto 

+ 

Kilo = 

f CMe,H 
\ COKo 

+ 

EtHo. 

Dimethacetio 

ether. 


hvilrati'. 

PotMBie 

dunethakcetate. 


Alcohol. 


2. By boiling isopropjlic nitrile with solution of caustic 
potash : — 

fCMe,H . . ntr fCMe^H . 

I ON'" + + OH, =. jcoi^o + "H** 

liopropjUo nitrile. PotHrio diaethacetrte. Ammoais* 
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Beaction, — By a hot solution of chromic acid dimothaeetic 
acid is decomposed into carbonic anhydride and acetic acid : — 

(So5? + - "O. + son. + {oSiio- 

Dimethaoetie add. Ao«tic acid. 

Acetone is sometimes formed as an intermediate product. 

{ CEt H 

COlio* caproic acid, and 

diamj/laceticacid, | isomeric with lauric acid, have been 

prepared by the substitution of ethylic and amylic iodides in 
the above reaction. 

C. TFBTIABT FATTY ACIDS. 

General formula .. | 

Formation. — As ethereal salts, by tlio action of the iodides 
of the radicals on trisodacctic ether. 

TBIMETHACETIC ACID. 

JCMe, 
t COIiu- 

Molecular weight =102. Molecular volume QU- 1 IH^^ of 
trimethacetic acid vapour weighs J jI criths. Isomeric with 
valeric acid, 

Por the graphic formula of trimethacetic acid see p. 127. 
Freparation. — As an ethereal salt, by the action of methylic 
iodide on trisodacetic ether : — 


fCNa, 

ICOEto 

+ 3MeI » 

fCMc, 
tCOEto + 

3NaI. 

Triaodacetio 

Ifethvhc 

iodide. 

Trimethacetic 

Sodic 

ether. 

ether. 

iodide. 



- - 

C 
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CHAPTER XVII. 


THE ACIDS. 

2. ACRYLIC OR OLEIC SERIES OF ACIDS. 

General formula of normal and f 
secondary acids \ COHo 

This series is divided into normal, secondary, and olefine 
acids. In the normal acids ws=0 ; in the secondary it must be 
a positive integer. 

Most oi‘ the normal acids exist as ethereal salts of glycerin in 
natural fats and oils. 

The following is a list of the acrylic series of acids : — 


Acrylic acid . . . . 
Crotonic acid.... 
Angelic acid 

Pyrotcrcbic acid 

Damaluric acid . 
Dnmolic acid . , . 
Moringic acid... 
Cimicic acid ... 
Physetoleic acid 
lIypog»ic acid 
Gaidic acid 

Oleic acid 


A. NORMAL ACIDS, 



J CMe Tl 
iCOHo 
rCEt'lI 
^ COllo 
CPr'lI 
' COHo 
CBu'H 
' COHo 


or - 

fC(C]Ey''H 
[ COUo 

or ' 

fC(C,H.)''H 

[COHo 

or 1 

C(C,H.)'’H 

COHo. 

or 1 

C(CH,)"H 

COHo 


an. A- 


C..H.O, 





Elaidio acid 

Boeglic acid 

Brassic acid. {Erueie 
acid) 


C,H„0.. 

C«H«0,. 
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B. SECONDARY ACim. 

MethacryUcacid { COllo { Ooio’ 

MetHylcFotonicacid ( g™ - 

Ethylcrotonic acid { or { g}ij-/J‘^ 


pi Crotonic acid 


C. OLEFINE ACIDS. 
[CMr ir 

■ ■ {colio 


fC(CII,)'lI 

CM 

I COJIo 


Formation of Normal Aciih.--li. By tlu* oxiilalioii of llu' 
alcohols of the vinyl or C\,lij„_,lIo Horics:-- 

rc(cji^rii 
t CII.llo 

Alcohol. 


+ o. 


_ I C(('„II,„)"1I 

“ t COlli. 

A( III 


oir. 


^ ~ 1 COM.. 


2. By the oxidation of tho aldehydes of the acrolein or 
looik senes 

fC(c.n^rH 

tcOH 

Aldrhjdc. Acid. 

Fk^rmationof Secondary Acids . — By the action of jihosphorous 
chloride, phosphoric chloride, phosphoric oxytrichlorido or 
phosphoric anhydride upon the ethereal salts of secondary 
acids of the lactic series, the elements of waier are removed 
and the ethereal salts of the acrylic secondary division of acids 
produced : — 


"^IcOEto + * 

Ethereal eelt of }*h<Mphoroa« 

the laotio seriee. chloride. 


3|C(C.IU"(C,H»h.) 


COEto 

Ktheresl salt of 
the aajUo eeriee. 


+ rOHHo, + SHG. 


PhoephorotM 

ieid. 


nydrochloric 

acid. 
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Formation of Olrjtne Acid*. — By the action of potassic 
hydrate upon the nitriles or abnormal cyanides of the C.Hj..! 
family of radicals : — 

iCMe'H fCMe"H 

\ on, + Kilo + on, e cu, + nh,. 

(CN'" ICOKo 

AUylic nitrile. PotaHtic Water. Potossio Ammonia, 

hydrate. ^ crotonate. 


JRelaiions of the Acrylic to the Acetic Series of Acids, 

The normal and secondary acids of the acrylic series, when 
treated with fused potassic hydrate, yield the potassic salts 
of two normal acids of the acetic series : — 

ICOHo “ IcOKo 

Acid of the acrylic Horiw. 


Potassic salt of acid 
of the acetic series. 


+ \COKo + 

I’otashir salt of soul 
of the uct'iio serii'a 

All the members of the acrylic series found in nature give 
acetic acid as one of the acids produced in this reaction, 
from this and other considerations, it is believed that their 
positive radicals all contain one atom of hydrogen and a dyad 
radical. Tliey are normal acids j and by the action of fused 
potassic hydrate the dyad radical becomes substituted by two 
atoms of hydrogen. Thus : — 


CMe'II . fCII, 

. COHo + “ I COko 


tcOKo 


r CEf'H 
COHo 


CII, 

COKo 




CPr'H 

COHo 


/CH, 

\COKo 


fCMeH, 

\COKo 

PotoSBC 

propionale. 
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Some of the secondary acids also p;ive acetic acid when treated 
wdth fused potassic hydrate ; but this can only happen when 
the dyad radical is ethylene, thus : — 


CMe'Me 

COHo 

•f 

2 KHo = j 

f CMcH, 
[ COKo 

+ JK 

+ [ COKo 

-f 

H, 

Methaorrlio 

acid. 


Potaasio 

hydrate. 

PotlWlNIO 

propionate. 

PotHHKIO 
format t‘. 



CEt"Mc 

COHo 

+ 

2 KIIo = j 

f c:iioir 
[ COKo 

. /on, 

+ .{COKo 

+ 

IK 

Methyloro- 
tonic acid. 


PoUlKHK' 
hydra t«*. 

PotlMl*4U‘ 

propioiiat<‘. 

PotANHie 

aeetate. 



CEt"Et 

COHo 

+ 

‘’Kilo — 

..KJlo - , coKo 

, fCll, 

+ i COKo 

+ 

11 , 

Ethylero- 
tonio acid. 


PotAHilie 

hydrate. 

PtrfjlHHM' 

butyrate. 

PotniiKK* 

aeetate. 




ACRYLIC ACID. 

( CM( ’ H 
iCOJlo * 

Molecular weight =72. Boils at about lOO'^. 

Breparation . — By the oxidation of acrolein with argentic 
oxide : — 


r OMe"H 

tCOH 

Acrolein. 


+ OAg, 


J CMo"lI 
“ iCOHo 


Argentic oxide. Aerylic acrid. 


+ -Agj. 


Seaetioni. — 1. Acrj’lic acid, under the influence of nascent 
hydrogen, produces propionic acid : — 


CMe"H , 
COHo 

Acrjlic add. 


H. 


/ CMcH, 
{ COUo • 


Fropionio 

acid. 


2. Acrylic acid also combines directly with bromine, pro- 
daemg dibromopropionic acid. 



m 


TBtAOIOt. 




OmCACID. 

C(CM"E 

COEo. 


Pr^aration. — Obtained in the pnri£cation ofstearie acid 
Iteaction. — Seated with potasaic hydrate, it gives potaaaic 
acetate and palmitate : — 




Oloio acid. Pofaasio 
hydrattj. 


Poia^sio 

acetate. 


PotaMio palmitate. 


(IIAPTER XVIII. 

THE ACIDS. 

:}. LACTIC SERIES OF ACIDS, 

(u’lu'nil formula of normal and secondary acids ; — 

1 COHo 

Id the normal atdds w in this formula =0; but in the secon- 
dary acids it must be a positive integer. 

The members of the lactic series may bo defined as acids 
containing one semimolecule of oxatyl, the fourth bond of the 
carbon of which is united with the carbon of a positive group 
containing one semimolecule of hydroxyl, or of the peroxide 
of a monad organic radical either positive or negative. The 
following examples will serve to illustrate this definition : — 
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Lootio ftoul 


II 

II— i- 


H 

II— cLii 

A 

i 

I 

— C— H 

I 

(Lo 

J> 

I 

II 

Ml th\l liM lu 
acid 


11 


0 


II 


— (^-TE 

I I 
I 

c o 
I 

() 


11 

A( ( liu (t( 
m 1(1 


The acids of this sories at present known, or could 
be obtained bj obvious processes, are classified into tlu* fol- 
lowing eight divisions ; — 

1. Normal Acidn. 

2. Etheric Normal AckIb. 

3. Secondary Acids, 

4. Etheric Secondary Acids 

5 Normal Olefine Acids. 

(i. Etheric Normal Olefine Acids. 

7. Secondary Olefine Acids. 

8. Etheric Secondary Olefine Acids 

Ist. Normal Addo , — A normal acid of the lactic scries may 
be defined as one in which an atom of carbon is united with 
oxatyl, hydroxyl, and at least one atom of hydrogen. The 
general formula of these acids is therefore 

/ CKHIIo 
ICOHo * 
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In this formula S may be either hydrogen or any monad 
positive organic radical. The number of acids posseBsiDg 
the same atomic weight, and belonging to this division, is 
determined by the number of isomeric modidcatious of which 
the positive organic radical is susceptible. Thus, of the acids 
containing two, three, or four atoms of carbon, there can be 
only one of each belonging to this division, because these acids 
cannot contain a positive organic radical higher in the series 
than ethyl, and this radical is not susceptible of isomeric 
modification; but a normal acid containiug propyl can have 
one isomer in this division, the two acids containing respec- 
tively propyl (CEtHj and isopropyl (CMc^II). For acids of 
this division containing normal positive organic radicals only, 
the following general graphic formula may be given ; — 


II 

I 

11^0— -C 

II 1 

o o 

I 

K 


/III 



II 


111 the case of glycollic acid fi =0. 

The following arc the acids at present known belonging to 
this division : — 


Glycollic acid .... 

Lactic acid 

Oxybutyric acid , 
Yalerolactic acid 
Leucic acid 


f Cn,Ho 
\ COHo * 

f CMeHHo 
t COHo • 

j CEtHHo 
t COHo • 
JCPrHHo 
t COHo • 

fCBuHHo 
\ COHo • 


2nd. Etherie Normal Acids , — An etheric normal add of the 
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lactic, series is oonstitated like a normal acid, but contains a 
monad organic radical, positive or negative, in the place of the 
hydrogen of the hydroxyl. The following is there- 

fore the general formula of these acids : in the graphic formula 
;i, as before, may =0. 

H 

I 

H— O-C— C 

I' I 

O 0 

I 

jh 

K 

The number of possible isomers belonging <o this division is 
very great ; for, in addition to those of which Ihe normal aaids 

containing of the same value are susceptible, a host of others 

•f + 

must result from the complementary variation of K and It, 
Thelow'est member of the division, methylglycollic acid (iso- 
meric with lactic acid), is the only one incapable of isomeric 
modification. 

The following examples will serve to illustrate the constitu- 
tion of the acids belonging to this division : — 

Methylglycollic acid | 

Ethyl-lactic acid j cqUo 

Aceto*lactic acid | • 

drd. Secondary Acids . — A secondary acid of the lactic scries 
is one in which an atom of carbon is united with oxatyl, hy- 
droxyl, and two scmmoleeules of a monad positive organic 
radi^. The general formula of these acids is : — 



^ AooaBperoxide of seetyl, 
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H 



fHl 

0 

1 

fH) 

H 

1 

1 

c 

1 

1 

1 

1 

, cv-o 

1 


i 



In the graphic expression, the values of n and m may differ ; 
but both are positive integers, and neither may =0. In the 

symbolic formula ^ must be a monad positive organic radical. 
The following examples will serve to illustrate their constitu- 
tion : — 


Diinethoxalie acid 


Ethomethoxalic acid 


Piethoxalic acid 


fCMc.,Ho 
tCOHo • 

f CEtMello 
tOOHo 

rCEt,Ho 

jeOHo • 


The number of acids possessing the same atomic weight, and 
belonging to this division, is determined, first, by the comple- 
mentary variation of the two positive radicals, and, secondly, by 
the number of possible isomers of these radicals. The lowest 
two terms of the series are alone incapable of isomeric modi- 
fication by either of the causes mentioned. 

4th. JEtheric Secondary Acids . — These acids stand in the 
same relation to the secondary as the etheric normid to the 
normal acids; they consequently contain a monad organic 
radical in the place of the hydrogen of the non-oxatylic hy- 
droxyl. The following is therefore the general formula of 
these acids : — 
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I 



['! 

rl 

0 

fHl 

H 

1 



,nj. 

^-0 

k 


0 

1 

ir 


U or 


CK.Ko 

COllo- 


5th. yormni Olrpne Acids . — A normal olefine aeiil belonpjinpj 
to the lactic Beries is one in which the atom of carbon united 
Tvdth oxatyl is not combined with hydroxyl, and in whi(*h tho 
atom of carbon united with hydroxyl is combined with not less 
than one atom of hydrogen. The following aro tho general 
graphic and symbolic formulae of tho acids belonging to tliis 
division : — 


II-O-C 

II 

i) 


m 

I 

(1 

I 

II 




J£ 


f ClblHo 

C-O-II or \ (('Il,)„ 

[ COllo 


L 


In both these formula) n must bo a positive integer and 

cannot =0, but may b(» either hydrogen or a monad positive 
organic radical. The olefines of these acids may belong cither 
to the ethylene or cthylidene series. 

The following are the only acids at present known belonging 
to this division : — 


Paralactic acid 


Paraloncic acid 


CH JIo 
]CH . 
COllo 


{I 


CH,Ho 

CA)". 

^(5Ho 


The number of isomers in this division will obviously depend, 
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first, upon the complementary variations of i and (CH,)« ; 
secondly, upon the isomeric modifications of which is bus* 
ceptible; and thirdly, upon the isomeric modifications of 

6th. Etheric Normal Olefine Acids . — These acids only differ 
from the normal olefine acids in havin|» the hydrogen of the 
non-oxatyhc hydroxyl replaced by an organic monad radical, 
positive or negative ; their general formula is therefore. 


II-O-C 

I 

0 


li 

'll/.. 


ir 

I + 

E 


f CEHEo 
I COHo 




As in the fifth division, n must be a positive integer and cannot 
»=0, whilst i may be cither hydrogen or a monad positive 

organic radical ; but K must bo a monad organic radical, 
either positive or negative 

7tb. Secondary Olefine Acids — A secondary olefine acid of 
this series is one in vhich the atom of carbon united with 
oxatyl is not combined w’ith hydrox}!, and in which the atom 
of carbon united with hydroxyl is also combined with two 
monad positive organic radicals, as shown in the following 


formultr : — 

fll 

+ 

K + 


1 

1 f CK,Ho 

H— 0-C 

II 

|| 

C_0— H or S (CH.)". 
1 lOOHo 

0 

ail 

1. i5. 


In both of these formulae n must be a positive integer and 

cannot sO, and & must be a monad positive radical. 

8th. Etheric Secondary Olefine Acids . — These acids are 
related to the secondary olefine acids in the same way as the 
sixth division to the fifth. No member of the seventh or eighth 
diviaion has yet been formed. 
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Formation of the Formal Aeidt. — 1. By the oxidation of 
the glycols, or dihydric alcohols. 


fCH,Ho 
t CH.Ho 

GlycoL 


+ 


0, 


GIy(«ollto Wtttor. 

M*id. 


2. By the oxidation of the C,lIa,+iHo alcohols : — 


/CH, 

[ CH,Ho 

Eihvlta 

al<*olbiol. 


+ 


o. 


f on Ho 

I COlIo 

Ctlyoollir 

iioid. 


+ oir,. 

Wati’r. 


3. From the fatty acids, by converting them first into chloro- 
Bubstitution acids, and then acting upon these compounds A\iiii 
potassic hydrate : — 


/C(c.n^+,)H, . ei - / C(c„n,,+,)nci 

(COHo ^ “ icoiln + 

Fatty acid. 


icono 

Chlorofatfy arid. 


Ilydroi'hlDrit' 

and. 


tOOHo + “ iCOlfo + 


Chlorofatty acid. 


FotAIMlC 

hydrutf. 


Ifontml arid of the 
lot tu* hcHi's. 


Potofwio 

chloride. 


Formation of Secondary Acids . — By tlic action of tlie zinc 
compounds of the monad positive organic radicals upon ethylic 
oxalate, and the subsequent addition of water : — 


{cols + 

EthTlic Zinc compound of 

oxalate. monad radical. 


/ Cr^nH2„^l)j,(Zn"C„ir2„4.lO) 
[ COEto 


4* 2in( C„ iIo„^i)Eto ; 


t COEto + “ t COEto 

IVatcr. Seoondaiy acid. 

+ + ZnHo,. 

Hydride of Zincic 

radical. hydrate. 

Formation of Olefine Acids , — By uniting a dyad positive or- 
ganic radical with carbonic oxydichloride (phosgene gas) under 
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tho influonco of stmlight, and subsequently acting upon the 
product with potassic hydrate : — 


/Oil, 

CH, 

:tbyli‘ue. 


i 


+ OOCl, 


CH,C1 .okito 


Carbonic oxydi- 
chloride 
(Fhoageuc gaa.) 

CH.Ho 


CH,C1 

CH,XCOCl)’ 

P Chloriironionylio 
chlonae. 


P Chlurpropionyho 
cltlortcU'. 


PoiaMic 

hydrate. 


CH(COKo) 

Potaaaic 

liaralactate. 


+ 2KC1 + OK. 


PtitAfiSIC 

chloride*. 


Water, 


JRelaiions of the Lactic to the Acetic Series of Acids. 

1. The Iransformatioii of the acetic or fatly into tlie normal 
lactic series of acids has been mentioned above (p. 141). 

2. The converse operation is eflected with the normal and 
secondary acids of tho lactic series by means of hydriodic 
acid : — 


0(C„H^+.)(CJL„+,)IIo ^..,111 _ i C(C.H,^4,)(CJI=..+,)H 
OOUi) [CUllo 

Acid of lactic acricH Iltilrioiliu Aoul of luctic scnei. 

acid. 


+ OH, + 

Water. 


I... 


If m docs not =0, the fatty acid will be a secondary one, 
like the member of tho lactic series from which it U derived. 


jReJations of the Lactic to the Acrylic Series of Acids. 

If the ethereal salts of the secondary acids of the lactic series 
be treated with phosphorous chloride, phosphoric chloride, 
phosphoric oxychloride, or phosphoric anhydride, the ethereal 
salts of the secondary acids of the acrylic series are produced : — 

3 f C(CJV,){C.Ha.+OHo . pni f 
^ \ COEto J I Qo^t 

ICthenai Mdt of lootio terieo. Phoaphorona Ethereal salt of acrylic aerim. 

chloride. 

+ POHHo, + 3HC1. 

Phofphorona Hydrochlohe 

awd. aotd. 

This reaction has not yet been accomplished with the normal 
acids of the lactic sertes. 
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A Bcoondttry lactic acid minui 01 l 3 >» an acrylic acid. The 
reverse of tliis operation has not been performed. 

LACTIC ACID. 

f CMeHUo 
t COHo * 

of liquid 1*215. 

Occurrence . — In sour milk, Sauerkraut^ fluids of muscular 
tissue, gastric juice, saliva of diabetic patients. In the acid 
liquor of starch-factorics, in blood, urine, tears, bile, Ac. It is 
also a general product of putrefactive fermentation. The acid 
contained in animal fluids '\% paralactic acid (see p. 1 15). 

Preparation . — By fermenting sugar with putrid cheese. 

For other processes, see pages 147 and 14S. 

Its salts have the following general formulse : — 

r CMcilUo 
1 COMo • 

Saltii of monad metaln. 


fCMellHo 
100.0 
I CO-O*'^* • 

1 CMfllUo 

Halta of dyad moUls. 


liomerism in the Lactic Serice. 

The synthetical study of the acids of this series afibrds an 
insight into numerous and interesting cases of isomerism. 
Commencing wuth the lowest member of the series, wo have 
for glycollic acid the fonnula 


H 
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Aa inspection of this formula shows that glycollic acid 
admits ot no isomeric modification, except with a total change 
of type. The part of the formula below the dotted line repre- 
sents oxatyl, which cannot be altered without sacrificing the 
acid character of the compound ; there remains therefore only 
the part of tlie formula above the dotted line, which admits of 
the following modification 


11 


() 

I 

I 

The acid represented by the formula so modified no longer 
comes within the definition of the lactic series. It is carbo- 


methylic acid, and differs essentially from glycollic acid and 
the lactic scries in general, inasmuch as the carbon of its 
negative radical, oxat>l, is linked to the carbon of the positive 
radical by oxygen ♦, 


* BoArmg tlu» oon»titution of carbomethjlic acid in mind, we have only 
to go one etoj) further in order to percoire the constitution of carbonic add 
itciclf, and the explanation of the anomalous basicity of this acid ; for if, in 
the above graphic formula for oarbomethylio add, we replace the methyl by 
hydrogen, wo have: — 

II 


Lo 

i 

A 


H 

i 

U 

A 

i 


Carbomethjlic acid. 


Curbonio acid. 


It is thus evident Uiat the radioal oxafyl, when united with hydroxyl, has 
suSkient negative power to produce a feebly dibado add ; but inasmuch as 
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There being no decisive evidence that homolactie (Kid differs 
from glycoUio acid, experiment and theory both agree 
asserting that the formula C 2 H 4 O 3 represents only one acid 
the lactic series. 

Proceeding now one step higher in this series, wo have in 
the formula of lactic acid au expression capablo of the following 
three variations without quitting the lactic type 


No. 1. 
H 


H 6 

H— C— (!'— H 


A L 


=0 


0 

1 


No. 2. 
H 

A 

n— (^— ir 
I 

n_c— II 

i=o 

A 

I'r 


Or, expressed symbolically : — 

No. 1. No. 2. 


No. 3. 

II 

ir_t’_n 

I 

0 


A 

A 


No. 3. 


CMellHo 

COHo 


CII 3 H 0 

CII^lCOlIo) 


{ W11..1X0 

CK, . 
COlIo 


CIl.Meo 
COllo • 


All the acids represented by the above formula) are known. 
The first expresses the constitution of lactic acid, which 

belongs to the normal division ( J CKIIlIo\ of the series, 

^ VtcOHo / 

described at page 135 ; the second shows the atomic arrange- 
ment of paralactic acid; whilst thc^hird represents methyl- 
glycollic acid. The proof that the first two of these acids are 
so constituted is afiibrded by the synthetic processes sometimes 


esrbonie add is not included in the categoiy of organic addii, it fom» no 
fouseption to the law that an organic add containing n •emimoleoulea of 
oia^l ia w-basic. 

TOL. n. 


L 


.9 .9 
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employed to produce them ; for etbylidenio cyanbydrate is con- 
verted by ebullition with potash into a salt of lactic acid, 
whilst ethjlenic cjanhydrate is transformed under similar cir* 
cumstances into paralactic acid. It has also been mentioned 
above, that paralactic acid is produced by the action of phos- 
gene gas upon ethylene. Now the formation of ethylidene, or 
rather of its compounds, scarcely leaves a doubt that this body, 
if isolated, would have the following atomic constitution : — 

H-Lh o, 

«-‘o 


it would consist of a semimoleculc of methyl and an atom of 
hydrogen, both united with an atom of carbon two of the 
bonds of wliich satisfy each other. Thus the formation of 
cthylidene chloride from aldehyde and phosphoric chloride 
takes place as follows : — 

(oSo + 'I’l' = {oUb. + «>“.■ 

Aldi'hjdt* PhoHplioric Ethylidenic Pbotphorio 

chlundt’ chloridr oxTtnohloride. 


the oxygen in the aldehyde being simply replaced by chlorine. 
There now only remains one possible formula for ethylene, vis. 


B 

I 

II 

r I 

H 


or 


CH, 

CH, 


I 

U 

Such, then, being the constitution of ethylidene and ethylenei 
it follows that the former ought to give rise to an acid of the 
constitution shown in formula No. I, whilst ethylene should 
produce an acid agreeing with formula No. 2. The aeids 
actually produced from these sources are lactic and paralactic 
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acids ; hence No. 1 is the constitutional fonnula of lactic aoid> 
and No. 2 that of paralactio acid — a conclusion which liarino- 
nises perfectly with all the reactions in which the production 
of these acids can be traced. Thus in the formation of lactic 
acid by the oxidation of propylic glycol, wo have 


[CMeHHo . n ^ fCMeHIIo 
[OH,Ho + - \COHo 

Propylic glycol. Lactic acid. 


+ on,. 

Water. 


Again, in the production of this acid from ethylidenic cyan- 
hydrate, 

{ CnHo(CN ") {oHho(COKo) 

Ethrlidenio Fotamic Wait't. Potaiaic lai’tate. Aniinouia. 

cyaunydrate. hydrate. 


The formula given for potassic lactate in this equation in only 
apparently different in typo from that previously used for lactic 
acid, since 


{oHho(COKo) “ 


CMeimo(COKo) = {oOKo”*^° 


In the reaction by which cbloropropionic acid ia tranafonnoU 
into lactic acid we have the following change : — 


fCMcUCl , 
i COHo + 2*^"” 

Chloropropioluc Pota«ic 

aoid. hydrate. 


f OMellllo 
[COKo 

PotaMir lactait*. 


+ K('l + OH,. 

IVdAMiic WaitT. 
rliioridr. 


The production of lactamic acid {alanin), and that of lactic 
acid from the latter by the action of nitrous acid, are also 
clearly confirmatory of the above view. 


AttHumio Eydrocyattie Water, Hydro- 
aldehyde. ado. 


CMeH(N'"H^ 

COHo 

* Laetamie add. 
(alania). 


+JIH.C1-. 

Amaaonie 

chloride. 


/ OMeH(N"'H,) + NOHo = f CMeHHo . qh 4- N 
lOOHo toOHo +OH, 

NHim lAotieadd. Water, 

(ahuds). acid 

l2 
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Not the least interesting reaction illustrative of the consti- 
tution of lactic acid is the formation of this acid by the action 
of nascent hydrogen upon pyruvic acid : — 

JCOMe „ JCMeHHo 
tcOIlo + = tcOHo • 

* Pyruvir acid. Lactic acid. 


In a similar manner it can be demonstrated that the above 


formula No. 2 expresses the constitution of paralactic acid, 
which belongs to the fifth or olefine division of these acids, 


fcinHo 

t(CIl,)".(COHo) 


or 


cfcHHo 

(CH,)",. 

COHo 


That paralactic acid j)ossesses this constitution is proved, 
first, by its production from cyanhydric glycol — 

+ + + HH., 

Cyanhydric Potoania Water. Potasaio AminnnU^ 

^lydbl. hydrate. {lonUactate. 


secondly, by its formation from phosgene gas and ethylene 
(see p. 142); and thirdly, by its conversion intomalonic acid by 
the oxidizing action of dipotassic dichromate ; — 


fClI,Ho 
- CH, + 
COHo 

Paralactic acid. 


o. 


fCOHo 
■ CH, 
COHo 

Malonic acid* 


+ OH,. 


By the action of water upon the chloride of j3 chlorpropionyl, 
a body of the composition of chloropropionic acid is obtained ; 
but inasmuch as this body yields paralactic acid by ebullition 
with potash, whilst chloropropionic acid gives under the same 
circumstances lactic acid, it follows that the former chloro-acid 
must be isomeric, and not identical, with the latter. Now^ 
although the formula of propionic acid does not admit of any 
isomer, yet that of chloropropionic acid does, as is seen in the 
following graphic formula 
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No.L 

H 

1 

No. 3. 

Cl 

1 

H— (L-H 

II— 6^11 

Cl— 

11— (i— H 

i==o 

i 

A 

k 

k 


A comparison of these formula? with those of laotic ami para- 
lactic acids (p. 145) shows at a glance that -\o. 1 is the 
chloropropionic acid which yields lactic acid, whilst No. 2 is 
iso-chloropropionic acid, which, by the substitution of its 
chlorine by hydroxyl, must yield paralactic acid. By the action 
of nascent hydrogen, both isomeric chlorides wnll obviously 
produce the same propionic acid. 

The cause of the isomerism of methyl -gly collie acid (No. 3, 
p. 145) is so obvious as to require no fiirtber explanation. 
Proceeding to the next higher stage in tlio scTies, such is the 
rapid increase of isomeric forms, that we now encounter no less 
than eight possible isomers, all within the lactic family. 


NormAL 
No. 1. 

f OEtllHo 
\OOHo • 


Secondary. 
No If. 


OMolIo 
OOilo • 


Etheric normal 


No li No. 4. 

f CH EU) J OMcJlMco 
\COilo • tCt)llo 


Normal olefine. 


Na fi. 


No 7. 


Etberie normal olefine. 
No, 8. 


fCH,Ho 

fCIUlo 

f CMeUHo f 

CH, 

^CMeH. 

i OH, . ^ 

CH, • 
,COHo 

ICOHo 

1 COUo [ 


CH^Meo 
CH, , 
coko 


Of these acids, Nos. 1, 2, and 3 are known. No. 1 is oxy- 
butyric add ; No. 2 is dimethoxalic acid, which is identical 
with acetonic add. This being the case, the formation of the 
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latter by the action of hydrocyanic and hydrochloric acids npon 
acetone is easily intelligible : — 

{ coke + + 20H. + HCl = { ° + NH.CL 

Acetone. Hjdmr^aiuo Water. Aoetonioor 

acid. chloric acid, dimethoxalic acid. 


The third of the above formula} is that of ethyl-glycollic acid. 
Of the possible acids containing five atoms of carbon, only 
two, viz. ethomethoxalic acid and valerolactic acid, are known. 
The cause of Ihi' isomerism of these two acids is seen at once 
from an inspection of their constitutional formulas ; — 


Ethomethoxalic acid 


Valerolactic acid 


f CEtHeHo 
t COHo ‘ 

J CPrllHo 
1 COHo • 


Of acids containing six atoms of 
arc known : — 

Lcucic acid 

Diethoxalic acid 

Faraleucic acid 


carbon, the following three 


f CBuHHo 
t COHo • 

r CEt^Ho 
1 COHo • 


fCH,Ho 

I®”- 


The above formula for leucic acid is founded upon a reaction 
for the synthetical production of amidocaproic acid from valeric 
aldehyde and hydrocyanic acid. Valeric acid contains butyl; 
consequently valeric aldehyde has the constitution expressed by 

{ Bu 

COH ’ reaction in question is therefore 

explained by the following equation : — 


AaioMmie Hydro- Woler. Hydro- Aaddita^^vtio Mid 

vmlerie aldohyde. cyaiiio ehlorio (Ickmkii). 

•rid. add. 
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Such being the rational formula of amidocaproio acid, its trans- 
formation into leucic acid by nitrous acid determines the con- 
stitution of leucic acid : — 


CBuH(N"'H,) 

COHo 

Amidocaproio aoid. 


+ NOIIo={g™“ + OJl, + N,,. 

h'itrouB acid. Lt‘Uoicacid. Wat«*r. 


ciiArami XIX. 

TIIK AC'IDK 

4. PYRUl^IC SJSIilES. 

General formula | 

In this formula n may =0. 

The following list contains all ihe known members of this 

series 

Pyruvic acid | BoHh at 105®. 

Convolvulinoleic acid... | 1 ’ubch at 42®. 

Jalapinolcic acid | qq | ^ 05®. 

Eicinoleic acid | »» 

Pyruvic acid only is well known. 

The first member of this series would have the formula 

{ COP[ 

COHo' believed to bo formed by the dehydration 

of glyoaylic acid; but its existence has not yet been satisfactorily 
demonstrated: — 

fCHHo, fCOH 

tOOHo ~ OH, « I COHo* 

Olyosylic add. Olyozalio acid. 
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The aldehyde of this acid, however, is known. It is called 
glyozal, and its formula is ; — 

fCOH 

jcOH- 

Olyoxal is produced by the oxidation of ethylic alcohol by 
nitric acid : — 


/CH, 

t CH,Ho 


+ 0, 


Ethvlip 

aloonol. 


f COH 

icon 

Olyoxal. 


+ 20H,, 


Water. 


These acids are the semi-ketones of oxalic acid, and they stand 
in much the same relation to this acid as that which acetone 


occupies with regard to acetic acid : — 

fcn, rcH, 

jCOIIo- jeOMe* 


Aoctio acid. 


Acetone. 


f COIlo f C(BIo 

|COHo= tCOJlo- 

Oxalic acid. P> ru> ic acid. 


The jiyruvic scries is also closely related to the lactic series ; 
])yruvic acid absorbs hydrogen and is converted into normal 
lactic acid : — 


COMe . TT _ JCMcIfflo 
COIlo *+■ - tCOHo • 

pyruvic XATtio 

aoid. acid. 


5. THE QLTOXYLIC SERIES OF ACIDS. 
General formula... { <>4 Oja^rHo. 

[ COUO ^ 

In the second formula n may saO. 

The two following acids of this scries are known: — 

Formula. Pbyaioal couditioo. 

{ CHHn a 

COHo**’ crystalline hydrate* 

rCH^o 

Glyceric acid K CHHo. Syrupy. 

I COHo 
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These acids are trihydric, but monobasic, and aro related to 
the glycerin series of alcohols in the same \v*ay that the mom- 
bers of the lactic series are related to the glycols : — 


f CH,Ho 
\ OH,Ho- 

OlyooL 

fCH-Ho 
-{ CHHo . 
[ CH.Ho 

Gljcenn. 


f CILlIo 
\ COUo ■ 

Glycol he acid. 

r cii Jio 

\ Cllilo. 
t COlIo 

(Jlyocric at’»d. 


By a reaction similar to that whicli is believed to produce 
glyoxalic acid from glyoxylic acid, glyceric acid yields pyruvic 


fcii.iio (cn, 

\ CHUo - Oil, = ^ CO . 

[COHo ICOlIo 

G lyceric add. Vyru \ ic ncul 


CHAPTER XX. 

THE ACIDS. 

6. THJS BENZOIC OB ABOMATIC ISEBIES OF 
ACIDS. 

General formula . . . | QQifQ"^* 

FomuUion. — 1. By the oxidation of the aromatic or 
C,Ha„. 7 Ho alcohols ; — 

/ 4- O « / 5”^^' 4“ 011 

\OHjao + « \COHo ^ 

Baasylio atoohol. Benzoic add. 

2. By the oxidation of the aromatic aldehydes. Thus benzoic 
add is formed from benzoic aldehyde, or oil of bitter almonds 
(see p. 112). 
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8. Bf the action of alkalies on the nitriles or abnormal 
cyanides. Thus potassic benxoate is formed by the action of 
potash upon Benzonitrile : — 

+ KHo + on, = + NH, 

Bansonitrilr. PotMtio bensoate. Ammonia. 

4. By the action of sodium and carbonic anhydride on the 

bromides of the radicals : — 

C.H,Br + Na, + CO, = { + NaBr. 

Phonylto bromidt^ or Bodio benaoala. 

tnonobrombanzoL 

5. Some members of the series are produced by the oxidation 

of the hydrides of the radicals : — 

C.Me,lI. + O, - + OH,. 

Dimnthyl’beiuul. Toluylic acid. 

6. The acids of the aromatic series may be obtained from the 
mon amines of the series containing one atom less of carbon. 

Thus Phenylamino, when distilled with oxalic acid, produces 
phonylformamide : — 

( OOHo + WHXC.H.)- NH(C.H,XCHO) + OH, + OO, 

Oxalic add. Phenylamino. Phonylformamide. Water. Carbonio 

anhydhide. 

Phenylformamide, by the action of heat, gives water and 
benzonitrile : — 

ira(C.H.)(CHO) - OH. + {g^A. 

Pheaylfbrmaimide. Benaonitrile. 

Benzonitrile, heated with potassic hydrate, gives potassic 
benzoate and ammonia : — 

{gj«fi + KHo + OH, {g^^^ + WH.. 

Potaaaio PoCaMle 

bydrata. twfiigoata, 

Tolnjlicacid,| can tiraa be obtained from tolnidiiia 

HH.(C,H,Me). 
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The following terms of this series are known : — 


Phenoic acid 
CoUinic acid 
Benzenic acid 



Moltiair- 

point 

60®. 

07°. 

above... 110°. 


BoUi^r 

|H>iAt 


236®. 


Benzoic acid 

Tolujlic acid 

Alpha-toluylic acid 

Xylic acid 

Alpha-xylic acid . . . 

Cuminic acid 

Alpha-cymic acid . 


;c.H. 

ICOllo 

f 

t COIIo 

f CPhH, 

\ OOHo 

\ COIIo 

f C((’.MeH,)H, 
1 COIIo 

{tik 

jc«Et,n. 
t COIIo 


i2r-4. 


175®0. 


76®5. 

103°0. 

126®0. 

168°0. 


42®‘0. 


02®*0. 


289° 


265®-6. 

278°. 


These acids have the same constitution as those of the acetic 
series, but contain the radicals. 

They have been much less studied than the acetic series ; and 
further investigation will probably bring to light other series 
holding towards them the same relation as the acrylic, glycoUic, 
pyruvic, and glyoxylic series bear to the acetic series. Already 
an acryloid acid of this section is known corresponding ie 
alpha-xylic acid : — 

fC(C,H,)H. /0(C^.)''H 

\ COHo \ COHo 

AlphA-kr^ CtnBamio aoid. 


Cinnamic acid is decomposed, like the acids of the acrylic 
series, when heated with fused potassic hydrate ; it gives, under 
these dreumstanoes, potassic acetate and benzoate. For the 
analogous reaction in the acrylic series see p. 182. 
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Atropic acid, obtained by the action of alkalies on atropine, 

r c n 

has the formula i qqqq’ isomeric with cinnamic acid. 

Salicylic acid (with which oxybenzoic acid and parabenzoic 
acid are isomeric) is the lactic acid of benzoic acid : — 


JCA fC.HHo. 

tOOHo tcOHo » 

Beiuoio scid. Salicylic acid. 

and the oil of meadow-sweet (Spiraa ulmaria) is generally re- 
garded as the aldehyde of salicylic acid : — 


Oxymethyhphentfl formic a/dd is the lactic representative of 
toluylic acid, from wdiich last-named acid it is prepared. Its 
constitution will bo understood from the following graphic 
formula : — 

H 

I 

II— c=c C— O-II 

fCILlIo I I I 


H— C C— H 


C^I = 
COHo 


II--.0-C C— O— H 

Oxymcthyl-pheojlformio acid. 

The following acids also probably belong to the phenyl-lactic 
aeries: — 





Xeltint- 

poiat. 

... 163“. 

i 

Cresotic acid > 

C,H,0 
COHo 


Anisic acid | 

C^H^Meo 

COHo 

.. 175“ 


Paraphloretic acid j 

C,H,Mco 
[COHo •• 

• • 


Thymotic acid | 

[ COHo ”• 

... 120“. 
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BENZOIC ACID. 


JO,H, 

tCOHo’ 


Molecular weight =122. Molecular volume CD. 1 litre of 
henzoic acid vapour weighs G1 criths. Fuses at 
Boils at 239®. 


Occurrence , — In many balsams and gums. Tii putrid urino. 
Freparation. — 1. By the oxidation of oil of bitter almonds 

(p. 112). 

2. By the action of fused potassic hydrate on cinnamic 
acid : — 


\ COHo + 


Ciniutmio 

aotd. 


2KII„= + 

PotMftiO PutMtlU 

hydraU*. aootatc. 


{ 


o.n. 

00 Ko 


FotaMtio 
bt n^oate. 


+ ir,. 


3. By boiling hippuric acid with hydrochloric acid : — 


C,H,NO, + OH, 

Hippuric IIV ator. 

acid. 


toOUo 

Olyoollamio 

acid. 


+ 


/ 0,K, 

[ OOllo • 


llinuoio 

acid. 


4. By the action of oxidizing agents on casein or gelatin. 

5. From gum benzoin, by sublimation, or by extraction with 
potassic hydrate and subsequent precipitation of the acid by 
hydrochloric acid. 

6. Styrol treated with a solution of potassic permanganate 
gives benzoic acid and carbonic anhydride : — 

C.H. + 0. = + OO. + OH.. 

Styiol. Betuouf Oarbont<» Water. 

acid. a&hydnde. 


Oallie acid is a tetrahydric monobanc add of the formula 


0,H.Ho, 
OOHo * 


It may therefore be regarded as benzoic add in which three 
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atoms of hydrogen haye been replaced bj three semimolecules 
of hydroxyl. 

Tannic add is obtained by the abstraction of one molecule 
of water from two molecules of gallic acid. Its constitutional 
formula is : — 


/ 

i 


OOHo 

C.H,Ho, 

O 

OOHo 


CHAPTER XXI. 

THE ACIDS. 

DIBASIC ACIDS, 

General formula... A(COHo)^ or 

A and B being dyad radicals containing 

These acids all contain two semimolecules of oxatyl ; and if 
in the general formula n, ta, and I bO, oxalic acid will be the 
first term of the series. 

B^^rmadon , — Many of the dibasic acids are produced by the 
oxidation of substances, the molecules of which are richer in 
carbon^ such as oils and fats. Others are found ready formed 
in nature. 

Baaeikni, — 1. By the action of dehydrating substanoes, and 
even sometimes by heat alone, these acids lose water, forming 
anhydrides: — 

{» - O". + im- 

AM Water. AahjMk. 
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2. If the A4hy4n4e be submitted to the action of phosphoric 
chloride, an atom of oxygen is replaced by two of chlorine : — 

{b(C0®) + = {.(rool) + *0“' 


Anhydride. 


Phoaphoric 

chloride. 


Chloride. 


Phoaphorio 

oxytnonlonde. 


8. Both the anhydrides and the chlorides are reconverted 
into the acids by the action of water : — 

rA(COCl) . _ fACCOTlo) , 2HC1 

1B(C0C1) + - iB(COlIo) + 


Chloride. 


Water. 


Aotd. 


Hydroohlorio 
acid. 


The dibasic acids may be divided into the four following 
series : — 

, « . . . M • / (;H2„(COITo) 

1. Succinic or acetoid series | ((^^OIlo) ‘ 

In the first member of the series w =*0. 

« • 1 M - i C\IU_,(COUo) 

2. Fumanc or acryloid senes | C 11 „ i(COlIo) ‘ 

3. Malic or lactoid series | c”lL^(CO^[o^^^^^ 

4. Tartaric or glyoxyloid series ... | [y}“','iio(cOHo^' 

The first and second series are dibasic and dihydric ; the third, 
dibasic and trihydric ; and the fourth, dibasic and tetrahydriCt 


1. TEE BUOOIEJO OR ACETOID SERIES. 


Oennal formuLa... | 


fCOHo 

C.H.. 

lOOHo 


or 


OOHo 
C.E.. . 
COIIo 


In addition to oxalic «dd (oxafyl) which many chemists 
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regard as the firet member of this series, the following are 
known;— 


Halonicacid .... 

Succinic acid .... 

Isosuccinic acid . 
Pyrotartaric acid 

Adipic acid 

Pimelicacid .... 

Suberic acid . ... 

Anchoic acid 

Sebocic acid 

Boccelllc acid .... 


fOOHo 


Fuses at 140®, 


^COHo * 

. Fuses at 180® Boils at 285®. 

[COHo 

fCOHo 

OMeH. Fuses at 130° 


[COHo 

fCOHo 

\ O 3 H, . Fuses at 112°. 

1 COHo 

fCOHo 

J C.H, . Fuses at 140°. 
[cOHo 

fCOHo 

VC„H,,. Fuses at 134°. 
(COHo 

fCOHo 

^C,H„. Fuses at 125®. 

[ COHo 
f COHo 

Fuses at lie. 

[ COHo 
fCOHo 

JCJI,.. Fuses at 127°. 

[ COIlo 

fCOHo 


BoilaatW. 


Boils at 200° 


It is obvious that there may bo several modifications of each 
of these acids. Thus there are two snccinie adds, one era- 
taming ethylene, and the other ethylidene (see p. 168) 
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1. BehtioM of the Suecinie to the Lactic Series of Acids and to 
the Glycols. 

These acids are related to the lactic series and to the glycols 
in the same way as the fatty acids are related to the monacid 
alcohols 

/CH,Ho fCH,Ho fCOHo 

\ OH, Ho* t OOHo ‘ \ COHo* 

Glycol. Glycollic acid. Oxalic acid. 


This relation, however, does not strictly extend beyond the 
first member, although it may be partially traced in the rela- 
tions of malonic and adipic acid to paralactic and paroleucic 


rCII,(CH,IIo) 


Isopropvlio glycol 
(CJnlcnown.) 


CH,(CH,Ho) 

COHo 

Paralactic acid. 


rCH,(COHo) 
t COHo 

Malonic acid. 


[CH.Ho 

Unknown glycol. 


C.H,(CH,IIo) 

COHo 

Faraluucic acid. 


J CJUCOJIo) 
t COHo 

Adipic acid. 


2. llelatiom of the Succinic Series to the Dyad Radicals. 

1. The acids of the succinic scries are intimately related to 
the dyad radicals, the nitriles or abnormal cyanides of which 
are readily converted into dibasic acids by ebullition with 
potassic hydrate or hydrochloric acid : 


flvanide of PotOIMIIO WoUT. PotWMC iolt Of tho AmiBO a to . 

diboMc acid. 


Abnormal cyanide of 
the dyad radical. 


PotOMIO 

hydrat' 


2. Some of these acids, when heated with excess of caustic 
bsryta, give up two atoms of carbonic anhydride, yielding the 
hydfidra of the dyad radicals 
fCOHo 

Jc.H„ - 2 C 0 , + 

I COHo 


Saberic add. 


VOL. IT. 


Carbonic 

nnbydridf*. 



162 


THZ ACIDS. 


fCOHo 

lOOHo 

Sfsbaoic add. Carbonio 

anhydride. 

These reactions are the analogues, in the dyad series, of 
the process by which marsh-gas is obtained from acetic acid. 
The hydrides of the dyad radicals so obtained are isomeric 
with those of the corresponding monad radicals. 

The elimination of carbonic anhydride from a monobasic 
acid can only take place once, while from a dibasic acid it takes 
place in two successive stages ; — 


In the case of a monobasic acid, 


1 

COHo “ 

C.H^,H. 


In the case of a dibasic acid, 



Ist stage . , 

/C.]I^(COTIo) 

1 0„lI,„(COHo) - 

II 

e« 

o 

o 

[C.H^+, 
C.ll^ : 

[ COHo 

2nd stage.. 

[ COH(. 

o 

o 

•» 

li 

rc„H.,+, 

IC.H.^.- 

• 

8. Relations of the Suecinio to the Acetic Series of Acids. 

1. By the loss of the elements of carbonic anhydride, the 

first three members of the succinic series are converted into 
members of the acetic series, containing one atom of carbon 

less ; — 

I 

COHo „ eo 4 . 
COHo 

tCOHo- 



Oxalic acid. Carbonio 

anhydride. 

Fonnioaeid. 


« 

fCOHo 

CH, CO. + 

[COHo 




KUaoio OUbMd. 

Mid. MhydtWi. 
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fOOHo 

Sttooinio 

add. 


B CO + / 

“ + \ coHo • 

Oarbonio Fropionio 

anhydride. acid. 


In the first two cases the action of heat alone is sufficient 
to effect the transformation ; but in the third the affinity of 
lime for carbonic anhydride must be superadded. 

2. Conversely, the members of the acetic aeries may be con- 
verted into those of the succinic containing one atom of varbon 
more, by replacing one atom of the hydrogen in the positive 
radical of the acid by cyanogen, and then boiling with potassic 
hydrate: — 

+ 2KHo = + Nil, 

Cyanacetio acid. PoIamu' PutaHHu inaUmat**. Aiumoma. 

hydrate. 


The conversion of formic acid into oxalic acid, by heating 
with potassic hydrate, also belongs to this class of reactions : — 

Mooho + + -JOH. + 11,, 

Formic acid. PotaNMic PotaHnu \\ at* i 

hydraU*. uiaiate 


SUCCINIC ACID. 

'•COIIo 

CH, 

CH • 

[COHo 

Fuies at 180^. BoUt at 235^. Bissolvei in 20 parts of cold 
loator. 

Occurrence. — In amber ; in some kinds of lignite ; in the 
resin of some kinds of pine ; also in many other vegetable and 
animal substances. 

Formation. — 1. By the action of potassic hydrate upon ab- 
normal ethylenic cyanide (p. 101) : this reaction proves that 
succinic acid contains ethylene, and that its constitutional for- 
mula ia aa given above. 

m2 
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2. By the oxidation of butyric acid by nitric acid : — 

{» + 0 . = 

Butyric acid. Sucoinio acid. Water, 

The nature of this reaction is more clearly seen with My 
developed formulae, thus : — 

rcH3 rcoHo 

ci: + 0, = g| + OH, 

[coko [cOHo 

Butyric acid. Buooiuic acid. Water. 

8. By the reduction of malic acid by fermentation, or by 
hydriodic acid : — 

fCOHo rcoHo 


fCOHo 
J CIIIIo 

(coko 


H, = 


ICH, 

CH, 

COHo 

Succinic acid. 


4. By the reduction of tartaric acid by hydnodic acid : — 


COHo 

CHHo 

CHHo 

COHo 


4III = 


Hydriodic 

uoitl. 


COHo 

CH, 

CH, 

COHo 


It is evident that this reaction is perfectly analogous to that 
by which lactic acid is transformed into propionic acid (p. 125). 

5. The two isomeric acids, fumaric and maleic acids, are 
converted by nascent hydrogen into succinic acid ; — 
jCOHo fCOHo 

;CH 4, H = 

"iOH + “ 1 CH. • 

{COHo 


COHo 

OH. 

”0 

COHo 


tcobo 

Soocanic acid. 

{ COHo 
OH. 

coho 

Bocoiaic add. 
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6. Bj bofling ethylic j3 cyanopropioaate with solutioa of 
caustic potash : — 


ON'" 

CH, 

OIL + 
COEto 

Ethylio 

<7»aoprq;>ionate. 


20KH + OH, 


'COKo 

• + HEto + WH,. 

.ooko 

Succinic AloohoL 
acid. 


The two processes by which succinic acid is generally pre- 
pared are, the distillation of amber and the fermentation of 
calcic malate. 

Beaetions, — 1. By distillation, succinic acid splits almost 
entirely into succinic anhydride and water : — 


COHo 

fCO— n 


CA = 

iCA 0 

+ oil,. 

COHo 

[co — 1 


Bucoinio 

Succinic 

Winter, 

acid. 

anhydride. 



2. Under the action of nascent oxygen produced by electro- 
lysis, succinic acid yields ethylene, carbonic anhydride, and 
water : — 


fCOIIo 

^ c,ji, + 0 = c,ii, + 2CO, -f on,. 

OOHo 

Succinic Ethylene. Cnrbonio Water, 

acidt ’ anhydride. 


8. Succinic acid may be boiled for hours with concentrated 
nitric acid without sufiering any change ; neither is it affected 
by a mixture of potassic chlorate and hydrochloric acid ; but it 
produces acetic acid when distilled with sulphuric acid and 
manganic oxide. 

4. Succinic acid forms three kinds of salts, viz. : — 


Normal. Acid. 


COMo 

• 

COMo 
CO — , 
0,H, Mo". 
CO — ' 


fOOHo 
C,II, . 
COMo 


SuperacuL 



COHo 

COHo 
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ISOSUCCIKIC Acm 

fCOHo 

■^CMeH. 

[COHo 

Tu*n at l.W. JHaolvet in S-ipartt efeold water. 
^Formation . — By boiling cthylic o cysnopropionste with solu- 
tion of caustic potash : — 

fCN'" fCOKo 

■ CMoH + 20Kn + OH, = < CMeH -|- HEto -|- NH,. 
COEto [COKo 

Ethylir Sucptnic Alcohol- Ammoni*. 

a o]ranoj)foiuonai<*. acid. 


CHAPTER XXII. 

THE ACIDS. 

2. FVMAliJC Oli ACliTLOID SEBIES. 

General formula ..." | cj[.t::;[c()no) " C.H^-.(COHo),. 

In this scries there arc three isomeric acids containing four 
atoms of carbon, viz. 

romvla. 

Fumaric acid 'j 

Maleic acid I "C",H,(COHo), ; 

Isomaleic acid j 

and three other isomeric acids containing five atoms of carbon, 
viz. 

Itaconic acid 'j 

Citraconic acid I ^(Oj^H/COHo)^ 

Mesaconic acid j 

Constitutional notation predicts the existence of a fourth 
acid belonging to the four-carbon group. The following are 
the four possible formulas for these acids : — 
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C =0 
H— (j-x 
B_cO 


No. 2. 

No. 3. 

H 

X 

H 

X 

u 

u 

j 

u 

Lo 

H— d’— H 

— 

1 

o 

( 

1 

^ 1 

0 

1 

('--0 

1 

o=c^ 

0 

( 

!) 

1 

1 

If 

A 


COHo 

OH, 

"O 

COHo 

OOQ 

c 


V c 

I I 

II C () 

I 

0 

1 

II 


r rcoiio fcoiio 

-{CH • i'O^ • ]C( '('11)11. CM«". 

{COHo [ COIIo jcOllo [COlIo 

Of these formula*, Nos. 1 and 2 represent funmric and maleic 
acids. Data are still wantinj^ to enable its own particular for- 
mula to be assigned to ea<*h of tbene acids ; but tlie lirsi two 
formula* must belong to fumaric and maleic mwds, because both 
these acids yield succinic acid under the uifluenco of nascent 
hydrogen, thus : — 


No. 1. 
iCOHo 
}CH 
"^CH 
{OOHo 

Ho. 2. 

OOHo 

. CH. 

"C 

. COHo 


+ H, 


+ H, = 


COHo 

OH, 

CH. 

COHo 


COHo 

CH, 

CH 

COHo 


H—C—H 

H— <!^H 

oJ 


Sqocuuc Add. 
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That succinic acid contains ethylene | and not 

ethylideno ^ | is proved by its formation from abnormal 

ethylenic cyanide (p. 161) ; but formulae Nos. 3 and 4 give, by 
the addition of two atoms of hydrogen, the formula of isosuc- 


No. 3. 
rCOHo 

No. 4. 
fOOHo 
i OMe" + 
ICOHo 


H., = 


H.. = 


fCOBo 


H 

1 

0 

1 

i CMclI. 

H 

o 

II 

[COHo 

1 

1 


H— C- 
1 

-C— H 

1 

fCOIIo 

1 

11 

1 

C -0 

i CMelL 


1 

ICOHo 


o 

Inoimoi inu' add. 

] 

II 

Inosnrviuic aciil. 


Fumaric acid combines directly with bromine, producing 
dibromosuccinic acid. Maleic acid also combines directly with 
bromine, producing isodibromosuccinic acid. The following 
formulae show the nature of this isomerism : — 


CorrespondiHg to No. 1. 


rcoHo 
J CHBr 
1 CHBr 
ICOHo 


(> 11 II O 

II I I II 

C— C— (— c 


0 Br Br 

1 

H 


i 


Corresponding to No. 2. 

O H Br O 


{ COHo 
OH, 
OBr, 
COHo 
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When acted upon by nascent hydrogen, both those isomeric 
bromo-acids produce, as might bo expected, the same succinic 
acid: — 


rCOHo 
OHBr . 
OHBr + 
COHo 




'COIIo 

• + 21IBr: 

.COilo 

Suoomiu Jfytlrobromio 

IlCtd. IK'Ul. 


rcoHo 

CH, 

CBr, 

COIIo 


+ n, 


rcoTio 

ICH, 

COIIo 


HntN’iiue 

UCiil. 


+ 21IBr. 


llydroliromio 

ftfiti. 


Inasmuch as formula Nor. 1 and 2 belong to fumaric and 
maleic acids, it follows that one of tho two remaining consti- 
tutional formula) must be that of isomalcic acid. It is impos- 
sible at present to determine which of thcHC formul© is to bo 
assigned to this' acid ; but in any case' there can scarcely be a 
dopbt that isomoleic acid, when treated with nascent hydrogen, 
will yield isosuccinic acid, as shown above. 

Of a similar character is the relation subsisting between tho 
isomeric acids of this scries containing five atoms of carbon, 
viz. itaconic acid, citraconic acid, and mcsaconic acid. There 
are no less than eleven possible formula) for this hve-oarbon 
group of acids ; but the three individual formula) belonging to 
the three known acids cannot at present be determined. The 
following four formulas will serve as specimens of the whole, 
and as illustrations of the cause of isomerism in these acids : — 
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No. 1. No. 2. No. 3. No. 4. 


H 

1 

H 

1 

H 

1 


H 

1 

0 

d 

i 


d 

.!=o 

1 

(Uo 

u 

1 


<1=0 

H— d-H 
1 

H— 

1 

i) 

I 

H— C— H 

1 

H 

1 

H— C— H 

1 

L 

1 

1 

::^C 

1 

H— C— H 

1 

1 

H-C— H 

j 

H— C— H 

1 

1 

k 

o 

II 

o=(!) 

o=c 

1 

o=c 


6 

1 

d) 

1 

i 

1 

d 

1 

H 


1 

H 


1 

H 




,COHo 

Icu 

fCH . 

{CH 

^OOIIo 



COHo 

CH, 

COHo 


rooHo 

ICH, 

1 CMe" • 
I COHo 


Itaconic, citraoonic, and mcsaconic acids stand in the same 
rolatiou to pyrotartaric acid as fumaric and maleic adds occupy 
with regard to succinic acid ; for, when submitted to the action 
of nascent hydrogen, they all yield the same pyrotartaric acid ; 
and it is therefore highly probable that the first three of the 
above formuln belong to these adds. The formula of pyro- 
tartaric add is 



FUMARIC OR ACRYLOID SERIES. 


in 


i 

I 


I 


COHo 

H— C— H 

CH, 

1 

CH, 

H— C— H 

CH, 

1 

COllo 

H— c— n 


o=i 


0 

I'l 


Treated with bromine, the throe o<*idH yield tlireo isomeric 
bromi noted acids, whi<*h are transformed by nascent hydrogen 
into the same pyrotartaric acid. 

By the action of hypochloroua acid on itaconic acid and 
subsequent replacement of the chlorine by hydroxyl, itatartaric 
acid is formed : — 


jCOTTo 

CH 

f'CIl 

I Oil, 

^ COHo 

Itaoouic acid. 


('COlIo 
I CHHo 

i circi 
cn., 

COllo 


rooiTo 
CHIfo 
^ CHHo 
|CH, 

I, COHo 

Itatartario add. 


Itatartaric acid, by distillation at 125°, gives carbonic an- 
hydride, water, and pyroitauvic acid, which appears to belong 
both to the lactic and the acrylic series of aci^. 


rCOHo 
CHHo 
^CHHo « 

Itatartaric Mild. 


CO, -h OH, 


+ 





PyrdtauTie add. 
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CHAPTEE XXIII. 

THE ACIDS. 

3. MALIC OS LAOTOLD 8EB1ES. 

{ o.iwcSSo)“““* » { 

Only two acids belonging io this scries are known, viz. 
tartrouic acid and malic acid. Like lactic acid, they both con- 
tain a scmimolcculc of non-oxalylic hydroxyl : — 





II 

1 



0 

i 0 


fCOHo 

II 

1 II 

Tartrouic acid.. .. 

. \ CIIIIo. 

c— 

c— c 


iCOlIo 

1 

() 

1 

A A 



1 

IE 

i 


This acid may be regarded as the product of the oxidation of 
glycerin, although it has not yet been so produced. It is ob- 
tained by the gentle oxidation of tartaric acid (p. 175). 

II 

o i 0 

fCOHo II I 1! 

Malic acid -j CMello. C C C 

ICOHO I I I 

0 H— C— H O 

1 i i 

Malic acid may be viewed as the product of the oxidation 

[CH,Ho 

of the hitherto undiscovered butyl glycerini < CMeHo. 

[OH,Ho 

This acid is contained in apples, and in many other fruits. 
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When gently heated with potassic hydrate, hydrogen is 
evolved, potassic oxalate and acetate being produced 

{il” " + {go'ko + 

Potaaaio Potasiio PotMsio PotASHio 

milate. hjdrate. oxAlutt*. iwvUti*. 


4. TABTABIC OR OLYOXYLOID SERIES. 


This series contains at present only two members ; but these 
have numerous isomers, which have been studied, however, 
only in the case of the first. Like the glyoxylic series, these 
acids contain two semimoleculcs of non-o.tatyUc hydroxyl. 


Tartaric acid 


fCOlfo 
Cllllo 
Cl 111 o- 
COllo 


rooiio 

CJI 

Ilomotartaric or glyco- J qjj 

) oil Ho 

(.COllo 


There are four possible constitutional formula* for tartaric 
acidj viz. : — 


A. B. 


fCOHo 

CHHo 

CHHo- 

COHo 


rCOHo 
CH, 
CHo, • 
COHo 


C. 

f ClLTIo 
\ CIIo(OOIIo). 
I COHo 


D. 

f CIIHo, 

• CH(COHo). 
.COHo 


The known varieties of tartaric acid are also limited to foiu*, 
viz.: — 

1. Deztrotartaric or common tartaric acid, so called from its 
property of causing the plane of polarization of a ray of light 
to rotate to the right. 
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2. LffiTotartaric acid, which turns the plane of polariaation 
to the left 

8. Inactive tartaric acid, which does not affect the plane of 
polarisation. 

4. Metatartaric acid. 

It has been already shown (p. 164) that dextrotartaric acid 
yields succinic acid under the influence of hydriodic acid, 
whilst it has also been ascertained that inactive tartaric acid 
likewise produces succinic acid under the same circumstances. 
These reactions indicate A. and B. to be the formula' of the 
dextro- and inactive tartaric acids. The formula V. and D. 
possibly belong to laivo- and metatartaric acids, in which case 
these acids, when treated with hydriodic acid, ought to yield 
isosuccinic acid. Thus — 


CHJIo 

OIlo(C^OHo) + 4111 
COllo 

fCH« 

-f \ ClKCOIIo) 
i COllo 

laofluocinic «oid 


= 20H, -f 21, 

rCOHo 
or ^CMcH. 
[COHo 


Macemic acid is a compound of dextro- and la'votartaric 
acid. It may be produced by uniting them, and may again 
be resolved into them. 

Inactive tartaric acid cannot be resolved into dextro- and 
Iffivo-tartaric acids. 

It may be obtained by the action of water on argentic dibro- 
moBUCcinate : — 


f CO Ago 
CHBr 
^ CHBr 
^ CO Ago 

Argenfeto dibroi8M>> 
•nooinAt#. 


+ 20H, — 

Water. 


fCOHo 
CHHo 
* CHHo 
COHo 

laaotiTe tarterio 
add. 


-f 2AgBr. 


Argmtio 

bromide. 


The converse of tluB reaction ia the transformation of tar- 
taric acid into auccinic acid by means of bydriodie acid (see 
p. 164). 
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MetataHmrio acid is produced by fusing dextrotartaric acid. 
BeaeUons, — 1. Dextrotartaric acid, when treated with 
powerful ozidiaing agents, gives formic acid. 

2. Under the influence of very gentle oxidizing agents, tar- 
tronic acid is formed : — 


OOHo 

CHHo . ^ 

CHHo + “ 

COHo 

fCOHo 
\ CHiro 
[COHo 

+ CO, + 

OH, 

Tartanc 

Tartronic* 

Carl>ontc 

Water. 

acid. 

acid. 

aahydridu. 



3. Heated with fused potassic hydrate, tartaric acid gives 
potassic oxalate and acetate, but without evolution of hy- 
drogen : — 


fCOHo 
J CHHo 
1 CHHo 
iCOHo 

Tartaric 

add. 


+ 8KHo - 

fOOKo , 
\COKo 

jCH, 

\ COKo 

Potaaaic 

Potaaiic 

Hotaaiic 

bydrate. 

uxaiatc. 

act»Ut*>. 


+ 3011,. 

Water. 


OTREE SEEIE8 OF DIBASIC ACIDS. 

There is evidence of the existence of other series of dibasic 
acids, which may be regarded as derivatives of benzole or as the 
hexacarbon representatives of the succinic, fumaric, and tar- 
taric series. The following are examples : — 


qA.(COHo),. 


o ir HO 

II I I II 

H— 0— C— C C— C— O— H 

H— i-H H— A— H 

H— A A— H 


HasBfcjdfopbtludio add (HwnwitwiB mmMo stiet). 
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H 

H 

0 i 

i 0 

1 

0 

1 

? 

r 

u 


H-C-H H— (L : 


II— c 


H 
i-H 


H H 

Tftrt ac*id (Hetaoarboa'tartaric teries). 


0 

1 I_ 0 — c— c 


o 

=c— c- 0 — n 


C.H.(COIIo),. 


H-i— n 


H— C- 


H— C-H 

— i-ii 


H H 

Tetrahydroiththolic aotd (HcxaoarboD'fanuuric leriM}. 


The existence of another series of dibasic acids derived from 
hydrocarbons of a series is indicated by the formation 

of anthraquinonic acid, Which is identical with alizarin^ the chief 
colourinf!;-raatter of the madder root. By oxidation, anthracene 
(C, yields anthraquinone which, when heated 

strongly w'ith sulphuric acid, is converted into dmilphanihra- 
quinonic acid, which has probably the following constitution : — 


f CO(S*vO,Ho) 

\ (C. A)" • 

I CO(^S*^ 0 ,Ho) 


When disulphauthraquinonio acid is heated with potassic 
hydrate to a temperature of about ISO** C., it becomes intensely 
coloured, and is found to be converted into potassic aliaarate 
(potassic anthraquinonate) : — 
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f COKo 

60KH = UO,.H,)" + 2SOKo, 

[ OOKo 

Fotanio Fotawitf PotMuio 

hydrate. aluarate. ■ul|>hiU^ 

+ 40H,. 

Water. 

On tlie addition of an acid to an aqueous solution of poiassic 
alizarate, alizaric acid (C,.jir„(COHo)jj), identical in properties 
with the natural alizarin of madder root, is precipitated. 

Anihrajlavio acid (Ci.^n„(COIIo)J, isomeric with alizaric 
acid, but possessing no tinctorial properties, is usually simul-* 
taneously formed in the above reactions. 


f CO(S»"0,Ho) 

\ + 
[ 00(S‘^0,Ho) 

Diaolphanthraquiiioiuo 
acid. . 


CHAPTER XXIV. 

TUB ACIDS. 

TRIBASIC ACIDS, 

The tribasic acids all contain throe semimolecules of oxatyl. 
They may be divided into the following three series, each series 
being, however, at present only represented by one acid. 

1. Tricarballylic or acetoid series ; — 

fCH,(COHo) 

TricarbaUyHc acid ... < OH(COHo) . 

[OK,(COHo) 

2. Aconitic or acryloid series : — 

•JCH(COHo) 

Aconitic acid }0(COHo) . 

iCH,(COHo) 

TOL. n. 
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3. Citric or laetoid series : — 

fCHHo(COHo) 

Citric acid ' CH(COHo) 

t CH,(COHo) 


Triearhallylic acid is trihydric. It is obtained from glycerin 
by replacing the hydroxyl in the latter by cyanogen, and then 
acting upon the tricyanbydrin.so formed, by potassic hydrate : — 

f CH,(CN'") f CH/COKo) 

\ CllfCN"') + 8 KII 0 + 80H, = CH(COKo) + 8 lfH,. 
lCIl,(CN"') lCH,(COKo) 

Tridjan* Pntaaiio Water. Potauio trioarb* Ammcmia. 

hydrin. hydrati*. aliylate. 

Aconitic acid {equiceiic acid^ citridic add) is also trihydric. 
It is found in the roots and leaves of monkshood, and may also 
be obtained by heating citric acid. Aconitic acid is also pro- 
duced by the action of hydrobromic acid upon citric acid, the 
reaction taking ]>lac(‘ in tlie two following stages : — 

f ciiiro((’oiio) f cirBr(roiio) 

^CIH(X)lIo) -h HBr = Cll(C()Ilo) + OH,; 
lCH,(C()Ho) tCH,(COHo) 

Citric acid. Bromotrioarhallylic add. Water. 

f CTlBKCOlIo) ,JCH(COHo) 

CH(COHo) * |C(COHo) + HBr. 

[ CHXCOHo) tcaxcoilo) 

Bromotrioarballyliu add. Aconitic add. 

Heated to 160”, aconitic acid is converted into itaconic acid : — 

/COHo 

,JCn(COTIo ]C1£ 

)C(COHo) = "ICH + CO,. 
tOII.(COHo) I CIL 

I COHo 

Arontde add. Itaconic Carbemie 

acid. aabydride. 

(X/rie add is tetrahydric, and contains, therefore, like lactic 
acid, one semimolecule of nan^oxatylic hydroiyl. It is found 
in the free state in oranges, lemons, citrona, and many other 
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fruits, also in the potato and the onion. By the jofraduated 
application of heat, citric aoid yields a(*ouitic, itaeonic, and 
citraconic acids. At the earlier staple of the deconipoHiiion it 
also yields acetone. Heated with fused potassic hydrate it 
gives potassic oxalate and acetate : — 


f Onilo(COHo) , 

< CH(COIIo) -f 4KIIo=: ] 
[ ClI,(COHo) i 

Citric ooid. Potaniic 

hjdratf. 


COKo 

COKo 

PoUmii* 

oxiilate. 


+ 2|c.'>K»+“0''.- 

PiitAMHic Water. 

liccliitr. 


By being heated with hydriodic acid, citrie ncid is trans- 
formed into tricarbollylio acid : — 


fCHIIo(COHo) 

\ OH(t’OHo) + 2in = 
lOH,(OOHo) 

Citric acid. 


fCTl (rOTIo) 

■^ciHt'oiio) + on, + I,. 

(ClltCOllo) 

Trii’iirhallvlH’ acul W uUt 


Desoxalic acid is closely connected with citric acid ; it is h(‘xa- 
hydric, and may be regarded as citric ncid in which two atoms 
of non-oxatylic hydrogen have been rej)Jaced by Jiydroxyl. Its 
constitutional formula is probably 

f cinro(coiro) 

^ CHo((’ono) . 

iCHHo(COlio) 


It is obtained from the product of the action of sodium upon 
oxalic ether. 


TETBABABIC AND ItEXABASTC ACIDS. 

PyromellUie acid (0^(COHo\) and mellitic acid 
(Cg(COHo)a) are instances of acids of these degrees of basicity ; 
and it can scarcely be doubted that an intermediate pentabosic 
acid will be found to exist. The following graphic fbrinula of 
mellitic acid shows the relation of this acid to benzol, and indi* 

X 2 
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cates the constitutional formulsD of the other acids built upon 
the same type and mentioned below : — 


Mellitic acid. 

0 0 

IT_0— U— C =-C— C— 0— H 


0 


0 


11— O— C— t’ C— C— 0— H 

I' II 

ir— 0 — c— c— c— c— 0— II 

II Ji 

O 0 


FIto out of the sis possible acids thus related to benzole are 
now known. Their names and formulm are given in the fol- 


lowing Table : — 


Benzoic acid 

c.H.(cono). 

Phthalic acid ^ 


Isophthalic acid 1 

Tcrephthalic acid J 

C,H.(COHo),. 

Trimellitic acid 1 

Trimesic acid 

Ilemimellitic acid . . . J 

- C.H,(COHoV 

Pyromcllitic acid " 

Prehnitic acid 

Mellophanic acid 

■ C.H/COH 0 ),. 

Unknown acid 

C.H(COHo).. 

Mellitic acid 

0,(COHoV 
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CHAPTER XXV. 


THE ANHYDRIDES. 


The anhydrides are compounds obtained from the acids by 
the abstraction of the hydrogen of their hydroxyl, together with 
sufficient oxygen to form water. 

Por every two atoms of hydrogen and ono of oxygen thus 
abstracted from hydroxyl, there will obviously remain ono atom 
of oxygen, which, as a dyad clement, exactly satisfies the two 
bonds vacated by the hydroxyl : — 

2Ho == OH, + O'. 

Hydroxyl. WAUt. 


On this account, two molecules of a mouohydric acid are re- 
quired to form one molecule of anhydride, thus ; — 

fCMeO 

20MeOHo = + Oil,, 

f CMcf) 

Acl'tic acid. Arctic Water. 

anil) dridc. 


The anhydrides of those monobasic and dibasic acids which 
contain one and two semimolcculcH of hydroxyl have alone 
been investigated. 

They may bo divided into the following classes : — 


fCJW, 

CO 


1, ‘Anhydrides of the 
monohydric mono.-< O 
basic acids I 


and *<( 


2. Anhydrides of the 
dihy^c monobasic 

acids 

8. Anhydrides of the 
dihydric dibasic 
aci^ 


CO 

CO , 

C.Hz. O. 
CO » 


C„Ha„.7 

CO 

() 

CO 


o. 
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1 . ANRTDBIBES OF THE MONORTBBIC 
MONOBMIC ACIDS. 

These are known only in the acetic and benzoic series. 

They bear the same relation to the acids from which they 
are derived as that borne by the ethers to the alcohols. 

The residues of different acids unite to form mixed anhy- 
drides anolof^ous to the mixed ethers. Aceto-benzoic anhy- 
dride is a body of this class. 

Formation . — By the action of the ehloracids, or so-called 
chlorides of the monad negative radicals, on the potassic salts 
of the acids : — 

rc(c„ii,„^0O 

C(C,.ll .„dOKo + C{CM,,^y)OCl=^ \ o -hKCl. 

iC(C„IU^0O 

Hull t hlorwiil. Anhvdndi' Potawuo 

chloride. 


ItfaeUoH. lu contact with water they are converted into the 
correspoiulinj? tveids 

I'O + on, = 20(C.H*+,)OHo. 

Anhydride. Water. Acid. 


Tlie folloi^ing is a list of the anhydrides belonging to this 
class : — 


Acetic aidijdride 

j CMoO 
. 0 
ICMeO 

1 CiCH,)0 
or ■( 0 

lC(CH,)0 

Fusing* Boiling 

point point 

138®. 

Propionic auhjdride .. 

1 0£)t0 

.{o 

ICEtO 

roc,H.)0 

<w •{ 0 

lC{C.H.)0 

1«5®. 

Butjric anhydride 

( CPrO 

.]o 

1 CPrO 

fC(C,H,)0 
or 1 0 

lc(0A)0 

about IW®. 

Valeric anhydride ..... 

f CBuO 

Jo 

iCBuO 

ro(o.H.)o 

or •{ O 

lotCAK) 

about 215®. 
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Csproic anhydride < 

rOAyO 

0 or H 

ICAyO 

rc(C.H,.)0 

[c(c,n„)o 

Fun! ns- 

Boilins- 

GEnantbylio anhydride. • 

fCCpO j 

0 or 

1 OCpO 1 

Cic.n.,)o 

1 0(C.1I„)0 

42'. 

310^ 

Benzoic anhydride ' 

roic„n,)o 

0 





1 C(c„ir,)0 




Aoetobonzoic anhydride • 

rcMcO 

0 



120'. 

ic(c,.ir ,)0 



Caprylio anhydride . . . | 

C^C,H,.)0 

C(aH„)o 


ulHiut 290®. 

Pelargonic anhydride. . | 

C(C,11,,;0 

() 




• C(C,II,,)0 




Palmitio anhydride ...< 

o 




LC(C.,Ii,.)0 


2. ANRTDBIDES OF THE BIITYDRIC 
MONOBASIC ACIDS, 


Formation , — By applying heat to a dihydric nioiiobasie acid, 
thus: — 


J CMeHHo 
tOOHo 

Laotioacid. 


rCMell 

ICO 


0 -f Oil 


a* 


Lac*tid 4 >. Water. 

(Laclio aahjdndc.) 


Beaction . — Boiled with water, and especially with alkalies, 
they reproduce the acids from which they were derived : — 


{ 


OMeH 

CO 


O + OH, 


fCMellHo 
tOOHo. • 

XaoUcaoid. 


Water. 
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3. AlfHTDBIDES OF TSF JDIETDBIC 
DIBASIC ACIDS. 

Formation . — By the action of heat, or of substances having 
a strong affinity for water, upon the dihydric dibasic acids ; — 


COHo 

fCO— n 


COlio 

I2i?‘ ? 

ICO — ' 

+ OH,. 

Buooinio 

ncid. 

Biiccinic 

anhydride. 

Water. 


Beaction . — Like the anhydrides of the first and second classes, 
they unite with water, reproducing the acids from which they 
were derived. 


CHAPTER XXV I. 

THE KETONES. 

The ketones are derived from the fatiy acids by the substitu- 
tion of the hydroxyl of the latter by a monad positive radical ; 
they thus resemble the aldehydes in constitution: — 


fCH, 

fCII. 

fCH, 

t COHo- 

\COH- 

tCOMe- 

Aortio 

Act'tir 

Acetone. 

•oid. 

aldehyde. 



The ketones may also be correctly described as compounds 
of carbonic oxide with monad positive radicals, thus : — 


COMo,. 

acetone. 


By the action of nas^pt hydrogen upon the ketones, they 
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are converted into secondary alcohols, whilst the aldehydes, 
under the same treatment, yield normal alcohols : — 
fCH« . XT _ JCII, 

tOOMe + ^2 - \CMeIlIIo- 

Acetone* lHopro]\rl>o 

Alcohol. 


Ketones, unlike aldehydes, do not oxidize sponlaneously; 
neither do they reduce ammoniacal solution of ar|;oiitic oxide. 

Like aldehydes, many of them combine with hydric potassic 
or hydric sodic sulphite. 

J^rmation. — 1. By the action of the zinc compounds of the 
positive monad radicals upon chloracids : — 


► f 

' 1 COCl 




ZnCl... 


Chloracid. Zme comiwund. K*loiu. Zincio 

clilorido. 


2. By the action of sodic ethide and its homolopues on car- 
bonic oxide : — 

OO + 2N.(C.H.„,) = {oojr';il.,„) + 

Carbonio Sodium compound. Ketone 

onde. 


3. By the distillation of the salts of the fatty acids 

o / C„Ha»4i __ / , Cf)Ko 

2 |cok.o - ico(c.n.^+,) + 


Potovuc cslt 
of fatty acuL 


Ketone. 


PolanHic 

curbonaU* 


4. By diatilliDg together Halts of two different fatty aeids, ke- 
tones containing two different positive radicals are obtained 
fOEtH- , fCH, JOKtll, . 

\OOKo + tOOKo “ iCOMe + 

PotaMi’o PotaMic Propylmfthyl 

t mtj rr a te. aortal**. ketone. 


COKo,. 


PoUmwio 

carbonate. 


5. Kumerons ketones may also be produced by the following 
•eriea of reactions. 

By the action of sodium upon ethylic acetate hydrogen 
becomes replaced by sodium : — 

{cofeto = {como + 

Elhylie aoelate. EUiyUc diaodacctatc. 
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The ethjlic disodacetate is acted upon by excess of ethylic 
acetate as follows : — 


r CHNa, 
[ OOEto 


-f COMeEto 


COMe 

CHNa -f NaEto. 
COEto 


Ethylio Etbylio acetate, 

disodacetate. 


Ethylic sodacetoo Sodio 

acetate. ethylate. 


When cthylic iodide is added to ethylic sodaceto-acetate the 
following reaction occurs : — 

f COMe I COMe 

{ CUNa + EtI = ^ CHEt + Nal. 

[ COEto ( COEto 

Ethvlx- Hodaorto- Ethylic Ethylic cthaceto- 

* acetutc. iodide. acetate. 


Lastly, ebullition of ethylic ethaceto-acetate with potassic 
hydrate converts it into ethylated acetone, alcohol, and potassic 
carbonate : — 


fCOMc 

\ CHEt -f 2KHo 
(COEto 

Bthylio cthrtcfto- Votaiwic 
aovtatc. hydrate. 


{cS^Et + + ®OKo, 

Ethylated AloohoL Potaaeia 

aoctoBC. carbonate. 


Ethylated aeetoiie is obviously acetone in which one atom of 
hydrogen has been replaced by ethyl. 

A seciuid atom of hydrogen in acetone may be replaced in the 
following analogous series of reactions : — 


«» / CUn u. 
2 i OOEto + 

8Na, - + 

SH.. 

Etbylio acetate. 

'coa. + 

Ethylic triaodaoetata* 

(OOMe 

- 4 ONa, + 
[ OOEto 

NsOBto. 

Ethylic 

Ethylic 

Ethylic diaodaoato* 

Sodia 

triaodaocUtc. 

acetate. 

aeetata. 

aSbylata* 

fCOMe 
\ ONiv, + 

2EtI «r 

rOOMe 

4 cel + 

SNaL 

1 OOEto 

Ethylic diaodaoetoo 
aoatata. 

Ethylic 

iCOEto 

BUiylMdiathaaato- 

aealata. 
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fCOMe 

4 CEt, + 2KHo 
lOOEto 

Eihjlio diVthftoeto- Potando 
aot*tat e. hydrate. 


(om^ + 

Diathylatad Alcohol. PaUmlo 
aoaiona. oarboaata. 


' 6. By the action of zincic ethide on the chlorides obtained 
from the dibasic acids, ketones containing dyad radicals are 
produced ; thus ; — 

Succinylic chloride submitted to the action of zincic ethide 

gives ethylene diethylic ketone : — 

r C(U1 f COEt 

^(CI1T+ ZaEt, = UCJIJ" + 2ii(\ 

[ COCl [ COEt 

Buounvlif Zinno. Ethyh'no dii*thyUo ZinHo 

chlurulv. t'ihide ki*ione. chloride. 


The following is a list of the names, constitutional formula), 
and boiling-points of those ketones which are best known : — 


Acetone 


Boiling- 



3Icthylated acetone. 
{Ethyl acetylf me- 
thyl acetone.) .. .. 


f CMeir 
lOOMo 


81° 


r“."-^'‘Svr.{gK 




tone. 

lone.) 


{ CEtlT 

Ethylated acetone ...< 
Propione. (Ethyl | 


propionyL) \COEt 

i [Methyl valeral { oSSS 

I 


[ Ethyl butyr.1 

J Dietbykted acetone | 
^ [ Butyrone | 


OEtH, 

OOPr 


08°5 

101* 

101 * 

12(P. 

128 °. 

188*. 

IM*. 
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Little is known of tbe ketones of the CnHsn.; series. The 
following have been obtained : — 

Benzophenone ^ | H ))’ benzoic acid, is 

obtained by heating potassic benzoate. 

Methyl benzole or methyl benzoyl ^ | jj ^ is prepared 

by distilling together calcic acetate and benzoate. 

Phthalylic chloride, treated with zincic ethide, produces 
phenylene dietliylic Iceione : — 

r COCl [ COEt 

J(CJl,r + ZnEt, = + ZnCl,. 

COCl COEt 


Phthalylic 

chloride. 


Phcnyh'ne di- 
«*thylic ketone. 


CHAPTEE XXVII. 

ETHEREAL BALTS. 

These compounds correspond to the metallic oxysalts of the 
acids. 

The acids from which they are derived may be either mineral 
or organic ; but the base must always be organic. The haloid 
ethereal salts are excluded from this family ; they have been 
already described as haloid ethers. 

The ethereal salts are produced by reactions analogous to 
those employed for the preparation of metallic salts : — 


CH, 

COHo 

+ 

KHo = 

/CH, 

tCOKo 

+ 

OH,. 

Acetic acid. 


Potasaio 

Potaano 


Witor. 



hydrate. 

acetate. 



fCH, 

[COHo 

+ 

EtHo Bss 

fCH, 

tOOEto 

+ 

OH,. 

Acetic adA 


Ethylic 

XtbyUo 


Witar. 



hydrate. 

aeelMe. 




But as the hydrates of the organic radicals do not act upon 
adds so energetically as potassic hydrate, it is often advisi^le 
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to employ the acid in the form of a potassic salt, and the radi- 
cal as a Bulphoacid ; thus, with acids of the acetic series : — 


Bulpho&cid. Pota<48ic Etliereal wUt. II jdrio notMiio 

Halt. Hulpnato. 

Monobasic acids form only one ethereal salt with each mono- 
hydric alcohol ; and this salt is always normal. 

With dihydric alcoliols they each form two ethereal salts, 
and w'ith tri hydric alcohols three ethereal salts. Those are 
also normal. Thus with acetic acid we have ; — 

Acetic salt of a monohydric alcohol : — 

rcir, 

1 OOEto* 

Ethylic •I’etAtj*. 

Acetic salts of a dihydric alcohol ; — 

fCTLiro fCIVO-CMcO 

\ OH^-O-CMcO- t CH,-O.CMet)- 

Monooctie (glycol. OiACftie glycol 


Acetic salts of a trihydric alcohol : — 

f on,Ho ( cir.-o-OMcO 

ClIHo . Cllllo 

[ CH,-0-CMeO [ ClI,-()-CMcO 

MonaooUn. JOiacctm. 


rcir,.o.CMeO 
- CJI -O-CMeO. 
CH.-O-CMoO 

Tnacctin. 


Dibasic acids form, with monohydric alcohols, two series of 
ethereal salts : — 

1. Acid ethereal salts, as : — 

fCOEto 

Succinethylic acid 


2. Normal ethereal salts, as : — 
Ethylic succinate 


lOOHo 

fCOEto 

[ooW 


In the same manner, trihasic acids form with monohydric 
alcohols three series of ethereal salts, the drst two of which are 
acid, and the third normal. 
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Prolonged contact with water generally decomposes ethereal 
saltS) liberating the radicals of the bases in the form of alco- 
hols: — 

SO,Meo, + 20H, = SO,Ho, + 2MeHo. 

Methjlio Water. Sulphuric Methylio 

lolphomethylate. acid. alooHol. 

Ebullition with potassic hydrate, especially when the latter is 
dissolved in alcohol, effects this transformation very speedily: — 

+ ra. = + BtHo. 

Ethylio Potassic Fotassio Ethvlic 

acetate. hydrate. acetate. alcohol. 


CIIAPTEK XXVIII. 

OBOANIC COMPOUNDS CONTAINING TUI AD AND PENTAD NITROGEN 
OR THEIR ANALOGUES. 

This numerous family may be divided into two great classes : — 

1. Compounds of triad nitrogen, phosphorus, arscuie, anti- 
mony, and bismuth. 

2. Compounds of pentad nitrogen, phosphorus, arsenic, anti- 
mony, and bismuth. 

I. COMFOTTNDS OF TBIAD mTBOGEN AXD OF 
ITS ANALOGUES, 

This class may be again subdivided as follows : — 

Positits. Neutral. Nefiiatim 

1. Amines. 1. Amides. I. Imides and 

2. Phosphines. 2. Alkalamides. nitrides of 

8. Arsines. 3. Trichlorinated and negative 

tribrominated amines. radicals. 

4. Stibines. 4. Haloid compounds 

5. Bismuthines. of oxybases. 

6. Oxybaacs. 

Of these the Amines and Amides are the most important. 
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PoBiTiTE Section. 

L THE AMINES. 

The Amines are commonly termed organic bases or artificial 
alkaloids ; they are divided into — 

A. Monamines. 

B. Diamines. 

C. Triamines. 

D. Tetramincs. 

The tetramines have been but little investigated. 


A. MONAMINES. 
There are three kinds of monamines : — 

a. Primary monamines. 
p. Secondary monamines. 
y. Tertiary monamines. 


a. Primary Monamines. 

General f(»rmulcr. 

Methyl or series 

Vinyl or series 

Phenyl or series ... . JiT.. 

Eormation. — 1. By the reduction of the nitro-substitution 
compounds of the hydrides of the positive radicals by sulphu- 
retted hydrogen, ammonic sulphide, zinc and sulplmrie acid, or 
iron and acetic acid : — 

N(C.H,)0. -b 88H, » N(C.H.)H, -h 2011, + S,. 

NitrobeasoL Siilpliiir«ttod Aailine. Wat«r. 

Iqrdfogen. 

2. By treating (^anic ethers with boiling solution of potassic 
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hydrate. The reaction is perfectly analogous to the decom* 
position of cyanic acid with potassic hydrate : — 


CN'"Ho 

Cyonio aold. 

+ 

2KHo 

PotMIlio 

hydrate. 

= COZo, 

Potassic 

carbonate. 

+ 

NH,. 

Ammonia. 

CN'"Eto 

Ethylin 

cyuimli*. 

+ 

2KHo 

PotttBflif 

hydrate. 

= COKo, 

Potassic 

carbonate. 

+ 

NEtH,. 

Ethylamine. 


3. By action of the haloid compounds of the monad 
positive radicals upon ammonia, and subsequent action of 
potassic hydrate upon the product so formed : — 

NIT, + EtI « NEtHJ. 

AmnioniA. Kthylic Eth^lammontc 

iodide. 

NEtH,I + Kilo = NEtH, + KI + OH,. 

Ethyl ftmmonic Pota«*iiir Ethylamine. Potamio Water, 

lodido. ItydrivU'. iodide. 

The following are a few of the primary monamines : — 


Methylamine NMeH, or N(CH 3 )H,. 

Ethylamiue NEtH^ or N(C,H,)H 3 . 

Butylamiue NBuHj, or 

Amylamine NAyH^ orN(C 3 H„)H 3 . 

Allylamiue NAUH, or N(C 3 H 3 )H 3 . 


Phonylamino {Aniline) NPhH^ or NfC^H,)!!.^. 
Tolylamine {Toluidine) NToH, or N(CeH,Me)H,. 

jReactions. — Treated with nitrous acid, they evolve nitrogen 
and yield the corresponding alcohols : — 

NPhH, + NOHo « PhHo + N, + OH,. 

Phenylunint*. NitrouiMid. Pkenrlio Wftter. 

idcoliol. 

/ 3 . Secondary Monaminee, 

Qfloeral formiilie. 


Methyl or series N(C,H»^.0aH. 

Vinyl or series N(CJB[*,.i^. 

Phenyl or seriee fr(CA.^)tH. 
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The secondary xnonamines are derived from ammonia by the 
replacement of two atoms of hydrogen by mouad positive 
radicals. They are sometimes called Imidogen hasee, 

JEbrfnation , — By the action of the haloid compounds of tho 
monad positive radicals on the primary monamines, and subse- 
quent treatment with potassic hydrate : — 

NEtH, + EtI = NEl.HJ. 

Ethjlamme. Klhylto DiethylaQiinomo 

loduU*. lixiido. 

NEt,H,I + KHo = NEl.n + KI + OH,. 

Diethylamnioiiic Potawio DioUiylomim*. Potiumo Water, 

iodide. liydnitti. UKlidc. 

By using tho iodide of a radical ditferent from that already 
contained in the primary mouamiiie, secondary monamiuos 
may be formed containing two dilTorent radicals, thus: — 
NPhH, + EtI = NEtPl||,l. 

Phcnylonune. Kthvlie Ethyli»h«*nylommomo 
(Aiulmo.) lodidr. lodidt. 

NEtPhH^I -f KHo = NEtPhll + KI + OH,. 

EthylphenyUm- PotMsio Ethvlp’u'nylammc. PoUmio Water 

moiua iodide. hydrate. (i^tb}latiiline ) iodide. 

The following secondary monamines arc known : — 

Bimethylamine NMe^H or N(CHj,)j,H. 

Biethylamine NEt,JI orN(Cyi5)jH. 

Methylethylamino NMcEtH or N(CII,)(C.,H^)H. 

Bibutylamiuc NBUj^lI or N(C^Hg),H. 

Ethylamylamino NEtAyll or N(C.^Hj)(C5Hj,)H. 

Ethylphenylamino NEtPhH or Wr(Ca^l5)(UflH4)H. 

Piperidine N(CjH,„)"H. 

Conine 

y, Tertiarg Monaminen. 

jRtrmatwn,^\» By acting upon the secondary monamines 
with the iodides of tho monad positive radicals, and subse- 
quently treating the product with potassic hydrate : — 

NEt,H + EtI - NEt,HI. 

IheUiylaiiitiie. ICth^riio Triat^yUmmonlo 
iodide. iodide. 


Ton. n. 


o 
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NEt,HI + KHo .« NEt, + KI + OH,. 

Trieihylammonio PoUuuiic Trietbylanine. Poti^o Witer» 

iodide. hydrate. iodide. 

By varying the radicals, tertiary monamines with several 
different radicals may be formed. The following are a few of the 
known tertiary monamines : — 


Trimotbylamine NMe, or N(CH,)8. 

Tricthylamine NEtg or N(C8H8)8. 

Tributylaminc NBUg or N(C^H8),. 

Triamylamine ^*^(^5^11)3- 

Mothvl-ethyl-phenylamine NMeEtPhor N(CH8)(Cj,Hj)(C8H8), 

Pyridine N(C;HX. 

Picolino N(C\H,r'. 

laitidine ^ N(C,H8r'. 

Collidine N(C,H J". 

Parvolinc N(C,HX- 


T]\o constitution of the triad radicals contained in the last 
five bases is not known. 

2. AVhen phony lamnionic chloride (aniline hydrochlorate) and 
methyl ic alcohol are digested' together at from 280® to 800®, 
the non-phenylic hydrogen becomes replaced by methyl, 
thus : — 

NPhIT 3 Cl + Mello « NPhMeH^n -f OH,. 

PhenrUmmonic MethyUo MethyiphenylMnmopic 

chloride. aiiHinol. ^ chloride. 

NPhMelI,Cl + Mello - NPhMe,H<a + OH^. 

Methylphcnrlammonic Methylio DimethylphenTlMnmoaio 

chloride. fti&ohol. chloride. 


By continuing the digestion longer, the phenylic hydrogen i» 
Idso replaced by methyl according to the following reftction^-r 


NCCJIJMe-HCl + MeHo 

DiuethylphenrlMBunoaic Mcthylic 

chloride. okohoL 


W(C.H,Me)Me,HCl + OH,. 

DimeihTttfdyhuaaoBio 

ailortde. 
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By these reactions the following tertiary monamines haye 
been produced : — 

Dimethylaniline N(CJT,)Mc.,. 

Bimethyltoluidine 

Dimethylxylidine N(( Me.^. 

Dimethylcumidine 

Dimethylcymidine N(CJB[t\)Mes,. 

The final product which may be expected to rcBult from this 
reaction, N(CgMe 5 )Mej, has not yet been obtained. 

Tertiary monamincH, when acted upon by the iodides of 
monad positive radicals, yield iodides wliit'h are not decomposed 
by potassic hydrate. In this manner tertiary ntonamines may 
be distinguished from j)rimary and secondary iiioiiainines. The 
three may be distinguished from ea(*h other ]>y the alternate 
action of ethylic iodide aud potassic liydrale : thus, uh wo have 
just seen, tertiary monamines are ri'coguized by producing im- 
mediately iodides which are not decomposed by potassic hy- 
drate; a secondary monaminc, however, producers an iodide 
decomposable by potassic hydrate; but tlu^ base thus liberated 
is tertiary, and will therefore be transformed immediately into 
the stable iodide by a second application of ethylic ifxlidc. A 
primary monamino requires three apj>lieati(m8 of ethylic iodide 
and potassic hydrate to produce the same result. 


B. DIAMINES. 

Formation . — The diamines are formed by coupling together 
two atoms of nitrogen in two molecules of ammonia, or of a pri- 
maiy or secondary monamine, by a dyad radical, which at tb# 
Baxne time takes the place of two atoms of hydrogen ; thus 


fNH, 

rxfH 


fNEt" 

Et" . 


^Et" or 

■^Et" . 

Ink. 

iNri 

In’ 

iHEt" 


Priiiiwy SMondary T<*rtiaiy diamine, 

diamine* diamine* 


o2 
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’ This reaction is effected bj treating ammonia or a primary 
or secondary monamino with the haloid salt (preferably a bro- 
mide) of the dyad radical, thus 

fNH3Br 

2NH, + Et"Br, = i Et" . 

( Nfl^Br 

AxnmoniA. Ethylenio Ethjlene-diammonio 

dibromide. dibronude* 

‘When the ealta of ethylene diammonium are decomposed by 
potassic hydrate, an oxide of the compound nitrogenous radical 
is produced, thus : — 

fNH.Br fNH,-, 

^ Et" + 2KHo = ^ Et" O + OH, + 2KBr. 

iNH,Br InHH 

£tbyl«n«-diain> Potaasio Ethyli»iM»-diam- Water. Potawio 

monto dibromide. hydrate. mouie oxide. bromide. 

In this respect most of the diamines differ from the monamines. 
Urea and its derivatives belong to the class of diamines. 
These compounds are produced by boiling a solution of 
ammonio cyanato or ethylammonic eyanate, or a homologue of 
the latter. In these compounds, the two atoms of nitrogen 
are held together by tlio dyad radical carbonyl, CO : — 

fNH, 

CN'"(N'H,0) « i CO . 

Ink, 

Ammonic oyanate. Urea. 

fNHEt 

CN"'(N''EtH.O) =s -^CO . 

Inh, 

Ethyl-ammonic Ethyl urm, 

cyoaote. 

By heating ammonic carbonate to in closed Teasels 

for a few hours, urea is produced: — 

fNH, 

O0(NH0), ]CO + 20H,- 
IfTH, 

Uvao. 


AaiBKiak cMboaote. 


Water* 
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Ureafi in which ethyl and other monad poBitive radicala are 
substituted for hydrogen may also be obtained by the action of 
ammonia or a monamine on the cyanic ethers, thus ; 


CN'"Eto 


( 

NHEt 

+ 

NH, =4 

CO . 



( 

Nil, 

Ethylio 

oyanate. 


Ammonia. 

Ethyl urea. 




fNHEt 

CN"'Eto 

4- 

NIT,Et = 

\ CO . 

( NUEt 

EthyliV 

cyanato. 


Etliylammo. 

urth. 


jReaction . — ^Urea is decomposed by nitrous anhydride : — 


{ 


NH, 




CO 

+ NA 

= CO, + 

2X, + 2011,. 

NH, 


Urea. 

Nitrmm 

r«rbonie 

Water. 


anhydride. 

anhydride. 



The following is a list of the best-known (Unmines :• 


fNM, 

Ethylene diamine < Kl " . 

I Nil, 


[NlIEt 

Ethylene diethyl diamine i Kl ' 

I NUEt 


Urea 


Sulphur urea 


Ethyl urea 


{ 

I 


NH,, 

CO . 
Nil, 

NIf, 

CS" , 


Nil, 

NUEt 

CO 


NH, 


NllPh 
CS" . 
NH, 


Sulphopheny lurca . 



tos COMPOUNDS or NITROOSN AND ITS ANALOOUXS. 


C. TEIAMINES. 


To this class of organic bases belong many of the aniline 
colours and their deriratives, Mameine was the first discovered 
of these bodies ; it is obtained by the action of concentrated 
sulphuric acid and red potassie chromate upon aniline. It is 
also produced by heating the coloured product obtained by the 
action of a solution of bleaching powder upon aniline. The 
molecular formula of mauveine is 


It is probably u ti'tramine with the constitution shown in 
the following formula : — 

Mosanilinr is obtained from a mixture of aniline and tolui- 
dino by the action of various reagents, such as carbonic chloride, 
stannic chloride, mercuric chloride, ferric chloride, cupric chlo- 
ride, the sulphuric and nitric salts of tin and mercury, and, 
lastly, arsenic acid which has superseded all other reagents for 
the technical preparation of the salts of this base. 

By the replacement of hydrogen in rosaniline by positive 
radicals, other bases, forming with acids valuable colouring- 
matters, are produced. 

Tho following is a list of the best-hnown of these bases:— 


Bosaniline, tho base of ma- 
genta 

Phenyl rosaniline, the base 
of dahlino 

Diphenyl rosaniline, the base 

» of aniline violet 

Tripbenyl rosaniline, tbe base 
of aniline blue 

Tritolyl rosaniline, tho base 
of toluidine blue 


}N,(C.H,)''(C,H.y'.Ph.. 
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Trietliyl rosaniline, the base 
of Hofmann's violet 

Chrysaniline, Nicholson's 
y^ow 


}N,c,„n.,. 


Leukaniline 


Moioniline appears to be formed by the abstraction of three 
molecules of hydrop;en from one molecule of aiiiliiio and two 
molecules of toluidine, thus : — 

+ 2N(CJL)ll, - 3ir, = 

Auiline. ToluiiUat^. 


The phenyl derivatives of rosaniline are produced as sails of 
hydrochloric acid by heating; rosaniline hydrochlorat(» with 
various proportions of aniline, thus : — 


Botantlmc hytlrooliloratf'. 


NPhIL = 

Anilint . 


‘-(N.)»'(c.Tr.)"(r,H,);phii,ci 

Phanjl>rotaiuUnt* hydr(»rhJorat«* 


+ Nil,. 

Axiintoiiii^ 


BoMMuline faydrochlornU*. 

Diphcnyl-rosanthtip hyilr<Ajhlori*U*. 


2NPhFl, « 

Anilitj* . 

+ 2Nn,. 

AmniDiiui 


Botamlinr hjdrorhloratc. 

''(N.)*‘(C.H,)"(C,H.)",Ph,IICl 

Tni^eByl-rotMiiltDe hydrochloraU*. 


3NPhlI, = 

Anihnt*. 


+ 3NI1,. 

Ammooi*. 


The salts of tritolyl rosaniline* are formed by analogous 
reactions. 

Triethyl rosaniline is obtained by besting to 10(P, in a 
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close vessel, rosaniline with ethylic iodide dissolved in al- 
cohol : — 

N.(C.H.)'’(C,H.)"A + “ N.(C,H.)"(W'.Et. 

BoMmiline. Fthrlic Triethyl roMmiline. 

iodide. 

+ 3ITI. 

llydriodic • 

acid. 

Trimcthyl and triarayl rosaniline arc obtained by analogous 
processes. 

Chrysaniline is formed as a secondary product in the manu- 
facture of rosaniline. 

Leukanilinc is produced by the action of zinc upon an acid 
solution of rosaniline : — 

Roeamlinc. Leukanilinc. 


OTHER AMimS. 

Subjoined are the namcp and formula! of a number of organic 
bases which cannot at present be satisfactorily classified : — 

Guanine CjHjNjO. 

.Guanidine C(Nn)"(NH,)(NH0 

or C(NH)"Ad,. 

II H 

I I 

N— C— N 
I II I 
H N H 
I 

U 


Furfurine 

Amarine 

Thialdine 

Dibutyraldine 
Acridine 


CAN.. 



THE NATUBAI, ALKALOIDS. 201 

Me— Cz:N— N- C-Mo 

V 

Cyanmethine ... ’^N,)'*(CMe)’'', ... Ill 

ulo 


C\aiM-thinf ’‘(N.VCCEl)'", ... 


Et— Cs=N— N_C— Et 

III 

c 

I 

Ki 


THJE KATVHAL ALKALOIDS. 

Of tbe constitution of these organic bases very little is 
known. The following is a list of the chief of Ihctn, with tbo 
sources whence they are derived : — 


Alkaloid$ from Opium. 


Hydrocotamine 

C.,Tr„N03. 

Morphine 

r.,Tf,..vo, 

Codeine 

('..H3.N0,, on,. 

Tbebaine 

C.„H„NO.. 

Protopine 

(’,„ir..No.. 

Papaverine 

(yi..No, 

Ciyptopine 

C,.H„NO.. 

Laudanosine 


Nareotine 

('„H„NO,. 

Narceine 

C„H,NO., 

From dnehona Bark. 

Quinine 


Cinehonine 

C„H,.N,0. 

Aricine 

C„H,.N,0.. 
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From NigUtihade, 


Atropine .. 

From Tobacco, 

C„H„NO,. 

Nicotine .. 

From Nux vomica. 


Strychnine 
Brucine 




From Tea^ Cqffee, and Cocoa, 

Theobromine 

Caffeine (Thcine) C^HjoN^Oj. 


2, 3, 4. THE FHOSPHIKES, ARSINES, 8TIBINE8, 
AND BISMUTEINES, 


The bases containing phosphorus may bo obtained, like the 
amines, by the displacement of hydrogen in phosphuretted hy- 
drogen. The tertiary compounds only of arsenic, antimony, 
and bismuth are known ; and they are produced by reactions 
of which the following may be regarded as a type : — 

AaNag + 3EtI s AsEt, -f 8NaI. 

Bodio Ethjrlio Triethjrl Bodio 

ftmnide. iodide. anine. iodide. 

Primary and secondary phosphines are obtained by the 
action of methylio or ethylic iodide and aincic oxide upon phos- 
phonio iodide. With ethylic iodide the following reactions 
occur: — 


2PH J + 2EtI 4- ZnO « 2PEtH,I + Zal, + OH^ 



2PH J -b 4mi + 88EaO 



2PEt,H(ZnI)I + 80H, + &I,. 

DietiiTl-plRit- Water, 
pbomonaoic 
iodide. 
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These reactions take place side by side ; but the primary and 
secondary phosphines are readily separated from each other by 
tbe consecutive action of water and alkalies upon the products 
of the above operation. 

The addition of water to the mixed product liberates the 
primary phosphine from its compound, whilst the compound of 
the secondary phosphine resists oven boiling water, but easily 
decomposes under the influence of alkalies. 

The tertiary phosphines are produced by the action of tho 
zinc compounds of the monad positive radicals upon phospho- 
rous chloride : — 

SZnEt, + 2 PCI, « 2 PEt^ 4- 8 Z 11 CI.. 

Zinoio ethide. Phosphorous Tnothvi Zinoio ohlorids. 

chloride. phosphi'no. 

They may also be obtained in combination with hydriodic 
acid by the action of phosphonic iodide upon tho alcohols ; — 

pnj -f SEtHo = PKtJII + 301T,. 

Phosphonic E^hvlic TriKhyl- Walor. 

iodide. alcohol phosphonic 

iwitdu. 

By tho action of alkalies upon triethyl-phosphonic iodide 
triethyl phosphine is liberated : — 

PEt,HI + KHo « PEt, 4 - KI + OH,. 

Trieihjl- • * Trirthyl- Wattf. 

pht^TOoio pho8|>hme. 

The following Table contains the names of tbo known phos* 
pbines, arsines, and stibines : — 


Trimary Tho9p1iine9, 



Formnla. 

Botliog*point 

Metbyl phosphine 

... PMeH. 

-14®. 

Ethyl phosphine 

... PEtH,...., 


Secondary FkoipKine$. 


Dimethyl phosphine ... 

... PMe,H 

25®. 

Diethyl phosphine 

... PEt.H 

88“ 
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Tertiary Fhosphines. 



Fomnlo. 


Trimethyl phosphine .... 

.. PMe, .... 

41®. 

Trietbyl phosphine 

.. PEt, 


Tertiary 

Artinet. 


Trimethyl arsine 

.. A*Mc,.... 

120®, 

Trietbyl arsine 

.. AaEfc, .... 

140®. 


Tertiary Stihines, 

Trimetbyl atibino SbMe^ 

Trietbyl stibine SbEt, 

Triamyl stibine SbAyg 

Tertiary B ism u thine. 

Trietbyl bismutbine BlEt^ 

Character . — Tbe pbospbiues, arsineB, Btibinee, and bismuth- 
inea possesB very energetic atHnities for negative elements. 
Many of them ate spontaneously iniiammable in air and oxygen. 
Most, probably all, unite with an atom of oxygen or a molecule 
of chlorine, bromine, or iodine, forming compounds in which the 
grouping element becomes pentadic. Tbuft, by tbe absorption 
of oxygen, trietbyl-phosphine is transformed into phosphoric 
triethozide: — 

PEt, + O = PEt,0. 

Tri«th^i> Phoaphoric 

plioq[>limc. trifiboside. 

5. OZTBASES. 

Theoe compounds are only known in the arsenic series. 

Areemoue oayhaees. 

Only one of these, cacodylic oxide, has been carefully invea* 
ligated. 
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By the distillation of potassic acetate with arsonious anhy- 
dride, a compound known as cacodyl, is produced. 

This substance may also be prepared by the action of methylic 
iodide upon an alloy of sodium and arsenic containing 

'Aa^'.Ns, + 4MeI « + 4NaT. 

Sodio Hethvlio CModyl* Sodio 

ononide. iodide. iodide. 

By allowing cacodyl to absorb oxygon slowly, an oily liquid 
containing cacodylic oxide (Ai^Me^O) is formed. 

This oxybase does not appear to unite witli oxygon acids, 
but it is attacked by hydrochloric acid, forming cacodylic chlo- 
ride : — 

fAiMe, 

\0 + 21ICI = 2A8Me.p + OH,. 

I AsMc., ^ 

Caemljlic Hydrorhlonc Cwod^>lio W*t«r. 

oxide. acid. chlondi . 

Cacodylic oxide, when exposed to moist air, absorbs water 
and oxygen, forming cacodylic at‘id : — 

Ai^MeP + O, -f on, = 2A»Me,OIIo. 

CacfHlyliu W'atcr. CacodvJiu 

oxide. mrid. 


CHAPTER XXIX. 

OBQANIO COMPOUXDS OF TRIAD NITBOQEir 
AND OF ITS ANALOaURS (continued). 

Nevtbai. Skction. 

1. THE AMIDES. 

These compounds arc formed by the substitution of amidogen 
(NH,) for the oxatylic hydroxyl of organic acids. They are 
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most coDYeDientljTmtten on the dmdelphic type, but may dso 
be formulated upon the ammonia type. 

If the acid contain only one semimolecule oxatyl, a mona- 
mide is the result ; if two semimolecules of raatyl are present 
in the acid, a diamide is generally formed, &c. Secondary and 
tertiary compounds can also be produced, as in the case of the 
amines ; but they belong to the negative section of this family. 


A. 

I. Vrimary Monamides. 

Acotamide ; — 

{mif orNlJ.(CMeO),or{g;jxa. 
Chloracetamide : — 

{ SSf ”'■ Nir,[C(CII,Cl)0], or { ggjg. 
Benzamide 

{ NHJ:C(C^.)0], or { gg^^. 

JFbrmation. — 1. By the distillation of the ammonic salts of 
the monobasic acids : — 

{cO?N»H.O) “ {cO(N’"iy + 

Anamwiie Ac rt a mkk , Water, 

acetate. 

2. By the action of ammonia upon the chloradds 

{Sbl + 

Ant^ I n i i li Ml i l ii SjAtrAImI* 

tUuM,. mU* 
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8. Bj the action of ammonia on the ethereal salts of the 
monobasic acids 

{cOEto ” {cO(N 'H,) + 

EthjUo AmTnoni*. AoetMuide. AloohoL 

soeUte. 

IteactionB. — 1. Boiled with aqueous solutions of acids, the 
primary monamides yield ammonic salts and acids : — 

(^N~iy + =<=> + 0“. - + {SJli.- 

Aoetamide. Ejdroohlorio W»tor. Ammonio Aoetie 

acid. chlondu. acid. 

2. Boiled with potasaic hydrate, ammonia is evolved, and 
a potassic salt, corresponding to the amide, is formed. 

{C 0 (N'"H^ + + (cclko- 

Aoetaiuidc. PotaMuc Anunonia. PoiaMio 

hydrate. aoetate. 


II. Secondary Monamides. 


Biacetimide 


N(CMeO),U 



rrcoi" fco-, 

Succinimidc Nh N C^Tl, or i Et" 

L i CO J I CO-J 

These bodies possess a negative character, and are treated of 
under the negative section of this class as imides of negative 
radicals (p. 210). 

Tertiary monamides are little known. They are the nitridei 
of negaUve radicals (see p. 210). 


B. DUMJODES. 

The diamideamiqr be regained as derived from two molecule 
of ammonus by the substitution of a dyad native radical fiir 
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two atoms of hydrogen ; or they may be considered to be formed 
by the substitution of amidogen for the hyJroxyl contained in 
the two semimolecules of oxatyl in dibasic acids * 


Primary Piamidet. 


Oxamido or (cOAd- 



r fcoi 

tl 

rcoAd 

Succinamide . . or Nj,H^ 

J Et" 

, or^ 

Et" . 

Ico. 


[OOAd 


Formation. — 1. By the action of heat upon the normal am- 
monic salts of dibasic acids : — 


fCO(NvH^O) 

\C0(N'H,0) 

Ammunic oxalate. 


fCO(N'"H,) 
t CO(N’"H,) + 

OxAimdc. 


20H,. 

Water. 


2. By the action of ammonia on the ethereal salts of dibasic 
acids : — 

fCOEto . ^ fCO(N'"H,) , 

IcOEto ^ jcO(N"'H,) + 

EthTlic Amta nnia. Oxamide. AloohoL 

oxahte. 


8. By the action of ammonia on tho chloro-dibosic acids : — 


fCOCl 

4NH, + ]Et" 

Icoci 

Ammonia. SuooioTlic 

cliloriac. 


4 Et " + 2NH,a 

[co(]sr'"H,) 

Bnooinaiiudv. Ammonio 

chloride. 


!rhe secondary and tertiary diamides are but little known* 


C. TEIAMIDE8, 

Primasy Triamides . — The primary triomides may be regarded 
ms derived from tribasic acids b^tbe substitution of amidogen 
' for the hydroxyl contained in the three semimolecules of oxatyl 
of these acids, or as derived from three molecules of ammonia 
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by the replacement of three atoms of liydrogen by the residue 
of a tribasic acid. A good example of a triamide is 

( CHHo(CO Ad) 

Citramide \ CH(COAd) or N 3 K(C.KO,)'". 

iCH^CCOAd) 

Citramide is formed by the action of ammonia on cthylic 
citrate. 

Secondary and tertiary triamides have not yet been formed. 


2. TRE ALKALAMIDES. 

These compounds occupy an iiitcnnodiato position between 
the amines and the anud(‘s. They are derived from ammonia 
by the substitution of part of the hydrogen by positive, and 
part by negative radicals ; and ina-smuch as two atoms at least 
of hydrogen must be so substituted, no primary alkalainido can 
exist. 

Secondary and tertiary monalkalamides, dialkalamides, and 
trialkalamides are known. 

Ethyl acetamide NIIEt(CMcO). 

Ethyl diacetamido NEt(CMeO) 3 . 

Diethyl oxamide NaH^Et^C^O,)". 

Diphenyl-carbonyl-oxalyl diaraide N/C„Il5).XC())"(C5,0,)". 

Citryl-triphenyl-triamide N,H 3 (CjH 3 )/CelIj 04 y". 

The alkalamides incline towards a positive character, their 
degree of alkalinity being about equal to that of urea* 


3. TEE TRIOELOniNATED AND TEIB20ML 
NATED AMINES. 

If the hydrogen in an amine be gradually substituted by 
chlorine or bromine, the basic character of the amine gradually 
diminishes, and dnally a neutral compound is obtained. 

This reaction has been studied in the case of aniline, which 

TOL. n. p 
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loses basic energy by the successive replacement of two atoms 
of hydrogen, and finally becomes neutral by the substitution of 
three atoms of chlorine or bromine for three of hydrogen ; — 
NH,(C,H.). WIT,(C«n,Cl). NII,(C«H3C1,). NH,(C,H.p,). 

Aniliiii*. ChlorAuilinc. BichlOTaxiiline. Trichloraniline. 


4. THE HALOID COMPOUNDS OF OXYDASES. 

These bodies arc* only known in the arsenic series ; they are 
formed by the aciion of chlorine, bromine, or iodine upon 
cacodyl and its hoinologues, or of hydrochloric acid, hydro- 
bromic acid, or hydriodic acid upon the oxybases. 

General formula... 


Nkoatite Section. 


TTIE JMIDES AND NITDIDES, 


General formula 


ofimides.. NII(C„3r.^...iO)3, 
of nit rides . N( C^Hsh-iO),. 


Formation^^’V^y the action of chloracids (the so-called chlo- 
rides of negative radicals) upon amides : — 

NH/CMeO) -f CMeOCl = NI^CMeO), + HCL 

Aoctamidv. Acotylio DuKtftimide. HjAroohlorio 

chloride. Mid. 


A repetition of this reaction gives acetylic nitride, which may 
also be obtained by heating a mixture of acetonitrile and acetic 
anhydride to 200^’. 

An imido may also be formed by the substitution of a dyad 
negative radical for two atoms of hydrogen in ammonia, thus : — 


Succinimide 


NH(C,H,0/,orNH| 



These bodies have hitherto received but little attention* ' 
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CHAPTER XXX. 


II. COMPOUNDS OF PEKIAB FITBOGFX 
AND OF ITS ANALOGUES. 


This class of compounds contains the following series : — 


IhHHvt. 

1. Cavatic INitroecn baaos. 

2!. „ PhoB|tlioru8 hasca. 

I*. », Ancnir baaea. 

4. „ AntimoDj baaca. 

f>. Oxyanenio bamni. 

6. Ozyantimonic baM>a 


ytutral. 

1. Palta of AnttiK'N. 

2 . ,, Phiwiphinra. 

R. „ ArMitoM. 

4. „ Htibinva. 

ft. „ OxyarHi’iuo baai^a. 

0. „ Ux} antiiuuiiK* biutoa. 


K0gatiw, 

1. Oiynnir araenio 
nt'ulN, (»xyc>hlo- 
rulfH, and idilo- 
rnlfH. 

2. Orj'HUio antimo* 
II K> nt'ula. 


POSTTIVE COMPOrADS. 

1. Caustic Nitrogen Poses . — 

G eneral foraiula N( 

In eacli positive radical n must be a jiositivo integer. The 
radicals need not be all of tlie same aloniic weight. 

Pormation , — By the action of argi‘nti(* liydrate upon the 
iodides of the compound ammoniums : — 

N£t^I + AgHo = NEtJIo + Agl. 

Tetrethjlamiuo* Arcpiitio Ti'trcthylanniiO' Arui'nlio 

nio iodide. hydrate. me hydratA*. it^ide. 

2. Caustic Phosphorus Bases. 

8. Caustic Arsenic Bases. 

4* Caustic Antimony Bases . — 

By displacing the N in the above general formula and in the 
equation by P, As, and 8b, the constitution and formation of 
these three scries of compounds will bo expressed. 

5. Oxyarsenie Bases . — These bodies, which are diacid bases, 
are obtained by the slow oxidation of the tertiary monar- 
siiiee:-^ 

Aa(C.H^+0, + O • Aa(C,H^,).0. 

Tertiarj monariuie. Oxyonenic tnwo. 



212 COMPOUNDS OF NITROGEN AND ITS ANALOGUES. 


C. Oxyanlimonic Bases . — These are formed in a manner 
exactly analogous to that in which the oxyarsenic bases are 
produced. 


NEUTRAL COMPOUNDS. 

1. Salts of Amines. 

General formula : — 

In the first formula m may =0 ; in the second, C«,Ha« may be 
displaced by and in tlic third, (\JIo„,_imay be substituted 

by H,. 

Formation . — Like the analogous compounds of ammonia, the 
salts of the aminc‘s arc formed by the direct union of acids with 
the amines without elimination of water, thus ; — 

NEtlL + HCl = NEtH,Cl. 

Ethylaiuiiu*. llydrochlonc Ethvlamraonio 
acid. c^iondc. 

The haloid salts of the amines may also be produced by the 
union of the haloid ethers of the monad positive radicals with 
the amines (for reaction see p. 192). 

Character . — The salts of the diamines and triamines are often 
found to contain only one molecule of acid, instead of two or 
three as shown in the above general formulff, which indicate the 
composition of the normal salts. The nitrogen atoms are in 
such cases united together by one of the bonds of each, besides 
being linked by the polyad radicals, thus : — 

The difference between these two classes of salts will be ren* 
dered more evident by a comparison of the foUowing graphic 
and symbolic formulic : — 
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Normal Salts, 


Cl^/H 

H^/Cl 1 

{ NIT, Cl 

N 

-Et" N or N,U,Et"Cr.orJ 

Et" . 


ii/^n 

1 Nil, Cl 


£t}i\ lone-diammonic duhlnruli*. 

Cl^/H II 'if, n 

N Et" \ Kt" N 

n ' ii 

Du t!i\ 1 < lu •tnonmionu tri< liioruli 

f Nil, Cl 
1 Kt" 

or N,H,Er,C),or< NH/1. 

I El' 

iwrii.c’i 


Monacid Salts, 


N Et" N or W' lf,Kt’'CI c r 

I£/V A,JJ 

£tli}lrn< •dinnmkottir mono filoiidi 


fNII, 

INIJ.Cl 


Et". 


II^/II ^ Cl 

N Et" ^ Ki" N 

II"" " ir 11^ 11 

DicUi>li nt -triamiuonK momxhlond* 

or ''(Wr'H.Ef'.Cl 


Diacid iSalt. 

Clv/H ^ 'x/Cl 

Et" N Et" N 

H^n II'' ''II 

Diethjlcne-tnanimonio dn hlorulo. 

or "(WJ-H,Et".CI, or {gJj.^jEl- 
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2. Salts of Fhosphines, 

3. Salta of Arainea. 

4. Salta of Stihinea, 

These throe scries of salts all present close andogies with the 
salts of the amines both in constitution and in the mode of their 
formation. The mode of formation of several of them is shown 
at pages 202 and 203. 


5. Salts of Oxyarsenic Bases. 

A8(c„n,„^.XCi,. 

Formation . — lly ilic action of acids on ilic oxyaraenic bases : 

AsMc.O + 211(1 = AsMe.d. + OH, 

ArKnuc lljdnMhlt»no Ariu'nu' tnmi*tho- Water, 

truuctliuxulti. neid. iluhloride. 


G. Salts of Oxyantimonic Bases. 

These resemble the preyious salts in formation and consti- 
tution. 


NEGATIVE COMBOVXDS. 


1. Organic Arsenic Aciih^ Oxychlorides y and Chlorides, 
The following are the principal bodies of this class : — 


Monomethjlarsenic acid AsMeOHo^. 

Arsenic oxydichlonncthide AaMeOCl,. 

Arsenic tetrachlormcthide AsMeCl^ 

Cacodylic acid AsMe,OHo. . 

Cacodylic trichloride AsMe^Cl,. 
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2. Organic Aniimonic Acids, 

No exploration of this series lias yet been made. Tho 
members of it will doubtless bo found to have close analogies 
with the corresponding scries of arsenic compounds. 


CHAPTER XXXI. 

OROANO-BOEOX AND HILICON COMPOl'NDS 

This family is divided into the t\\o following elasses : — 

1. Organo-boron compounds. 

2. Orgauo -silicon compouml.'<. 


1. Organo-horon vompomnis. 


These compounds contain boron directly united with tho 
carbon of moinwl positiie radicals, and are thus distinguished 
from organic compounds containing boron, as seen in tho fol- 
lowing formula) : — 


Organo-boron Mmiwuml. 

U H 


II- 


II 


U 


11 


II— C— II 

I 

II 

Boric methidkt. 


OrijatiH* cxmij oisml c «mt iitutij; bonm 

II 11 

I I 

n_('_()— ]j_o c -ii 

I I I 

II () 11 

I 

II 

M<*thylie lioraU*. 


The organo-boron compounds are i|)roduced by the replace- 
ment of methoxyl or ethoxyl in mcthylic or ethyl ic borate by 
monad positive radicals. Hitherto only the radicals methyl 
and ethyl have been thus combined with boron. 
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BORIC UETEIBE. 

BCCH,),, or BMe,. 

Molecular weight s=56. Molecular volume I I J . 1 litre of hork 
metMde gas weighs 28 criths. Condenses at 10° under a 
pressure of four atmospheres, 

Preparation,— Idj adding to ethylic borate an ethereal 
solution of zincic methide, when boric methide is evolved as 
gas 

2BEto3 4- SZnMc^ = 2BMe3 + 3ZiiEfco3. 

Ethylio Zincio Borio Zinoio 

[borate. methide. methide. ethylate. 

Reactions. — 1. Inflames spontaneously in air or oxygen. 

2. Combines energetically with ammonia, forming ammonia- 
boric methide : — 

NIJ, + BMc, = NH3,BMe3. 

Ammonia. Boric Ammonia-borio 

methide. methide. 

3. Boric methide combines readily with potash, soda, lime, 
and baryta, forming compounds the composition of which is 
not known with certainty, 

AZZONIA-BOBIC METHIDE. 

NH3,BMe3. 

Molecular weight ss73. Molecular volume {anomalous) 

Puses at 56°. Boils at 110°. 1 litre of ammonia-horio 

methide vapour weighs 18*25 criths, 

Eormed as above described. 

Beaetions, — 1. Cupric chloride absorbs ammonia from the 
vapour of ammonia-boric methide, reducing the volume of the 
vapour to one half and leaving boric methide gas : — 

6 (WH„BMe,) -h 2 CuCl, « 2 CiiC] 3 , 6 NH, -f 6BMe,. 

ABUBonii^borio AnuBonia’capric Jiono 

aiMthide. diloridr. amthide. 




BOKIC BTHISB. 


217 

2. Ammonia-bopjc methide is readfly decomposed by acids • 
eren carbomc acid decomposes it. With hydrochloric acid the 
Taction is : — 


NH^BMe, + HCl 

Axninonia*borio 

xnethide. 


= :NH*C1 + BM«,. 

Ammonio Borio 

chloride. methide. 


BOBIC ETHIBE. 

B(CA)3orBEt3. 

Molecular weight =98. Molecular volume m . 1 Hire oj 
loric ethide vapour weighs 49 criths. Boils at 95° C. 
Sp, gr, ofliguid *6961 at 23° 

Breparation. — By the action of zincic ethide upon ethylic 
borate : — 

2BEt03 + BZnEt = 2BEt3 + SZnBto,^. 

Ethylio Zincio Boric Zinrio 

Dorftte. ethide, ethide. othylalo. 

Beactions, — 1. Inflames spontaneously in air, and explodes in 
oxygen. 

2. Allo'wed to oxidize gradually, boric ethide forms borio 
etho-diethylate ; — 

BEt3 + O, = BEtEto^. 

3. Heated with hydrochloric acid to 99°, it slowly evolvci 
ethylic hydride, and is conrerted into boric dictho-chloride 

BEt, + Ha = BEt.Cl + EtH. 

Boric Borio diotho- Kthylio 

ethide. chloride. hydride. 

4. Boric ethide combines very energetically with ammoniacal 
gas, forming ammonia-boric ethide : — 

NH, + BEt, = NH,3Et,. 

Ammoiua. Borio Anau^A-boric 

ctU«ie. ethide* 
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BOEIC £THO-DI£THYLAT£. 

BEtEto^. 

Soils at 125° C. 

Preparation. — By the slow action of oxygen upon boric 
cthide as above described. 

Meaction. — In contact with water it is instantly decomposed, 
forming boric ctlio-dihydrate ; — 

BEtEto, + 20TI, = BEtllo, + 2HEto. 

Bone rtlK*- Wator. Boric ctho- Alcohol, 

dicthylutc. dihydrat<‘. 


AMMONIA-BORIC ETHIDE. 

NIl3,BEt, 

Formed by the union of ammonia gas with boric ethide as 
above described. 

Reaction. — Decomposed by acids but not by carbonic acid. 
With hydrochloric acid the reaction is as follows : — 

NH,.BEt3 + HCl = NH^Cl + BEt,. 

Ammonm'-bonc Ammonio Borio 

cthidv. chloride. ethide. 


2. Oryano^silicon compounds. 


The great similarity in chemical functions between carbon 
and silicon seems to justify the anticipation that a great number 
of compounds of silicon will be produced analogous in consti- 
tution to the organic compounds of carbon. Already several 
such compounds ore known, as for instance 

SUioo-compounds. Orgftnic Mudognet. 

SlH,. CH,. 

Silicic hydride. Harsh gas. 


SiHCl,. CIICI,. 

Silicon chloroform. Chloroform. 


fsino 

]o . 

[SiHO 

Bilioofonmo 

•ohydrido. 


CHO 

O 

OHO 


Unknowii 


fonnio anhydrido. 
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Eollowing the analogy of organic compounds, the subst itutiou 
of one of the atoms of hydrogen in silicic hydride by t\\o 
hitherto unknown radical silicon methyl (Sill,) would yield 
a body constituted like the molecule of methyl or ethylic 
hydride, 

fSill, 

tSill; 

From this, silicoothjdic chloride (SijlI.Cl) ought to bo ob- 
tained; and then, by the substitution of hydroxyl for chlorine, 
the silicon-analogue of common alcohol (Sl^lI^IIo). None of 
these compounds containing silicon directly combined witli 
silicon have hitherto been formed; indeed, unlike the tetrad 
elements, carbon, tin, and titanium, silicon appears to have little 
tendency to form such compounds. Amongst the host of 
silicon minerals there is ind om* in which the assumption of 
the existence of silicon combined directly with silicon is ad- 
missible. Pisilicic hoxachloridc (Si. Cl,^) has, however, boon 
recently fcimcd. 

But, although these true silicon analogues of the more com- 
plex organic compounds have not hitherto been obtained, 
yet a large number of bodies which contain silicon atoms 
directly combined with carbon have bt‘en synthetically pro- 
duced; and many of these substances exhibit interesting 
analogies with corresponding compounds containing carbon iu 
the place of silicon. These arc the bodies which are included 
in the class of organo^silicon compounds. The following Table 
contains the names and constitutional formula) of the chief 
members of this class, together with those of their derivatives, 
such as ethylic silicate (SiEto^), which do not, strictly speaking, 
belong to it, inasmuch as they no longer contain silicon directly 
combined with carbon : — 



ForarnU. 

Boiling- 

IKfint. 

Silicic methide 

SiMe, 

fSlMco, 


Bisilicic oxy-hexamethylato 

...U) 

I SiMeo, 

202 
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Kame. 

Formula. 

Boilini;* 

point 

Silicic methylate 

SiMco, 

121 

Silicic ethide 

SiEt. 

152*5 

Silicic dimethylate ethylate 

SiMcOjjEtOj, 

145 

Silicic chlortriethylate 

SiClEto, 

156 

Silicic dichlorethylate 

SiCi^Eto, 

— 

Silicic ethylate 

SiEto^ 

166*5 

Silicic triethylate amylate 

( 

SiEtOaAyo 
' SiEto, 

220 

Disilicic oxy-hexaethylate < 

0 

SiEto, 

235 

1 

rsiEt, 


Disilicic oxy-hexaethide -j 

[SlEt, 

227 

Silicic hydrotriothylate 

SiUEto, 

134 

Silicic ethotriethylate 

SiEtEto, 

158*5 

Silicic dieth-cthylate 

SiEt.^EtOji 

155*5 

Silicic trieth-ethylate 

SiEt,Eto 

153 

Silicic dictho-chlorethylato 

SiEtjClEto 

148 

Silicic chlortriethide 

SlEt, Cl 

143*5 

Silicic dichlorethide 

SiEt,Cl, 

129 

Silicic trichlorethide 

SiEtCl, 

— 

Silicic diethoxide 

SiEt,0 


Siliconylic chloride ^ 

rSiEt, 

OMelHCl 

185 

Siliconylic alcohol j 

fSIEt, 

CMeHHo 

190 

Siliconylic acetate i 

fOH, 

iOO(SlC.H„0) 

211 


fSiEto, 


Silicic aceto-triethylato - 

O 

O OM 

— 

Silicic aceiylate 

Si(COMe)* 

— 

Silicopropionic acid j 

' CMeH, 

SiOHo 

— 

Silicic trietliohjdrate (Triethyl- \ 
•Oieel) 1 

SiEt,Ho 

158*5 
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Si(CH,). 

or 

SiMc.. 


SILICIC METHIDE. 


H 

I 

II— C- 


II 

H— i— H 

1 

Si 


H 

-Lll 


H 


11— C-II 


H 


11 


Molecular weight =83 5. Molecular volume i Tl . 1 litre of 
silicic methide vapour weighs 44 25 criths. Boils at 30° 5. 

Formation , — By the action of zincic methido upon silicic 
chloride at a teraperature of from 120° to 200°. 

SiCl, + 2ZnMe, = SiMe, + 2ZiiCl,. 

Hilicic Zinnp fiiliiMr Zinrto 

chloride. iuethi<k. niethtdi*. chloride. 


SILICIC ETEIDE. 

SiEt,. 

Molecular weight =144 5. Molecular volume 1 I J . 1 litre of 
silicic ethide vapour weighs 72*25 criths. Boils at 152°’5. 

Freparation . — By the substitution of zincic ethide for zincic 
methide in the reaction last described, silicic ethide is pro* 
duced. 

Beactions , — Treated with chlorine, one atom of hydrogen is 
replaced by an atom of chlorine, and siliconglic chloride is 
formed : — 

aiEt,(CMeH^ + a, » {cMeHCl + 

Silicic ethide. SUioon/Uc ohlonde. 
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At the same time a portion of the silicic ethide is converted 
into dichlorinatcd silicic ethide, which, when heated with 
aqueous alcohol and potassic acetate, yields disilicic ozyethidei 

fSiEt, 


SILICIC TBIETHOHYDRATE. Trieth/hsilicol 
SiEtJIo. 

Molecular weight s=lfJ2 5. Molecular volume fTl - I litre of 
the vapour weighs GG*25 criths. Boils at 153° 5. Sp. gr. 
of liguid *8709 at 0®. 

Preparation. 1. By dicestinff silicic triethoethylato with 
water at 200° 

SiEl^Eto + on, = SiEtjro 4- OEtE. 

Silicic Silicic Alcohol, 

tncthoc'th} lotc. tnctlmln clratc. 

2. By tho action of nqiioous ammonia upon silicic chlor- 
tricthide : — 

SiEi.Cl + on, 4 Nil, = SiEt3Ho 4- NH,C1. 

SlllCMC Hiluic 

cUlortncthidc. tritthohjclratc 


SniCOPROPIONIC ACID. 

f CMcII, 

\ SlOIIo' 

Preparation* — 1. This acid, -which contains the new negative 
radical SlOHo (that is to say, oxatyl in -which carbon is re- 
placed by silicon), is prepared from silicic chlortriethylate by 
the following series of reactions : — 

1st. Silicic chlortriethylate is treated with zincic ethide and 
sodium, and thus converted into silicic ethotriethylate by the 
following reaction : — 
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2SiClEto, + ZuEf- 


Silicic 

hlortrietbylate. 


Zincic 

cUiide. 


ZnCL + 


2SlEtEto,. 

Silu'io 

vthotrii'thylaU'. 


2nd, Silicic ethotri ethylate, wbich is a colourless liquid, 
smelling like camphor and boiling at 158°*5, is now heated with 
concentrated solution of pott^sic hydrate, when the following 
change takes place : — 

SiEtEt 03 + KHo + OH, = SlEtOKo + 3T3iTIo 


Silicic 
cthotrieihylato. 


PeUtMu* 

Bilioo)tro|»u>natc. 


Alcohol. 


3rd. Prom the potassium salt, silioopropionie is obtained by 
the addition of hydrochloric acid. 

2. By heating silicic eihotricthy late with acetvlic chloride to 
180°, silicic othotrichloride is produced : — 

SlEffilo. + sjgl;,, _ 8IBI1, + 

Silicic A<vt\l«r Silinc Kth>li(' 

ethofcricthjlatc. thiorulo. cthutrioiilondf. lUM'tiilt', 


Bj the subsequent action of water upon tlie silicic etho- 
trichloride, pure silioopropionie acid is obtained as a whito 
insoluble powder resembling silica : — 

SiEtCl, + 2011, = SiEtOHo + 3Hn. 

Silicic HilH*i>|tri)]ttc>riiu 

clhotricUloridv. ucul 


CHAPTER XXXIL 

0B0A50META.LL1C BODIES. 

This term is applied to a family of compounds in which an 
organic radical is united directly with a metal ; and it senres 
to distinguish them from other organic compounds containing 
metals, in which the metal and organic radical arc indirectlj 
united or linked to each other. 

Thus zincic ethide is an organometallic body, while zincic 
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ethylate and zlacic succinate are organic bodies containing 
metals : — 


Zincic ethide... ZnEL. 


H— 1:: 


H H 

I 


H H 


C— Zo — d— H 

A i il i 


Zincic ctliylate... SEnEto^. 

n II H H 

II— ('—(J— 0— Zn— 0— 0— n 

A i 


J ’ r 

Zincic succii.atc .. C.IL Zno’ . 

CO ' 


H H 
II O 

I “ ^ 

H— C— C— 0— ^ 

I Za 

11— 0— ^ 


H O 

Many organic compounds containing metals are the deriva- 
tives of orgonomctallic bodies ; thus zincic ethide by oxidation 
yields zincic ethylate — 

ZnEt^ + 0, sa ZnEtOa*, 

Zincic Zincic 

rthiUc. ethyUU;. 


and by further oxidation zincic ethylate can be converted into 
zincic acetate — 


CMell. 


CMell, 

Ztncio ethfUtc. 


“Zno” + 20, 


CMeO^“® 

Zinolo noeteta. 


+ 20H,. 


Wnler. 


Another instance of the derivation of organic bodies con- 
taining metals from organometallic bodies is seen in the for- 
xnatioD of potassic propionate by the action of potassic ethide 
upon carbonic anhydride : — 

0M.H.1: + CO. . 

PoteMio Cnrbonic Potaaie 

atlkula, nabj^bide. propmanle. 
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Formation of organometallic hodiet, 

Organometallic bodies are produced iu a large number of 
reactions, which, however, may be classed under the following 
four heads : — 

I. By the union of monad positive radicals in itatu naftcenti 
with a metal, or by tho coalescence of a metal with the iodide 
of a monad positive radical. 

Thus, when zinc and ethylic iodide are lu'atod together to 
100® in closed vessels, ziucic ethido is formed 

2EtI + Zn., = ZnEt.^ -h Znl^. 

Ethrlio Zinoio 

KKitdt*. uxlidf*. 

Sometimes light may be employed instead of heat to effect 
this change, as in the case of the organo-tin compounds. In 
the formation of organo-mercury compounds by this method, 
light is indispensable to the reaction : — 

EtI -h Jig = HgEtl. 

Eth^rlip Mi'rnirir 

iodide. ethiodide. 

II. By the action of tho respective metals alloyed with potas- 
sium or sodium u])on the iodides or, in rare cases, tho bromides 
of the monad positive radicals. 

iy this process there is less tendency to form compounds 
containing both positive radicals and negat i ve elements. Potas- 
sium or sodium compounds are never produced in thin reaction, 
because they cannot exist in the preseiu'e of ethylic iodide or 
its homologues. This process is well adapted for the formation 
of arsenic, antimony, tin, mercury, lead, bismuth, and tellurium 
compounds : — 


4EtI 

•f 

SaNa. = 

SaEt^ 

4- 

4NaI. 

EUitII. 

iod^. 


nn aodiiim 
alloj. 

BtAnnic 

«thid«. 


Bodie 

2EtI 


HgXa, _ 



2NaI. 

Ethrtic 


Sodinm 

amdipun. 

Hermrio 

eihide. 


Sodi 

iodid«. 


Q 


TOL. n. 
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2C,.H,Br 

NAphthylio 
bromidt* (bromo* 
lu^ihthAline). 


H*Na, 

Sodiam 

amitlyism. 



naphthide. bromide. 


III. By the action of the zinc compounds of the monad 
positive radicals upon the haloid compounTis, either of the 
metals themselves, or of their organo- derivatives. 

For the production of organometallic bodies containing less 
positive metals than zinc, this method is generally the most 
<*onvenient, and is of most universal application. Compounds 
containing mercury, tin, lead, antimony, and arsenic have been 
thus produced ; but the process has failed when applied to the 
haloid compounds of copper, silver, platinum, and iron ; for, 
although these bodies are violently acted upon, the organic 
radicals do not unite with the metal . — 


SnCl, +• 

ZnEt, == 

SnEt^CI, 

+ ZnCl,. 

iSt«nnio 

Zmcic 

Stannic dichlor> 

Zincic 

rhluri<l<'. 

cthidc 

ctbitlf 

chloride. 

SiiCl, + 

2ZnEt, :: 

= SnEt, 

+ 2Zii(n,. 

Stannic 

Zincic 

StAnnic 

Zincic 

chloruU' 

cthidc 

ethide 

chloride. 

2HgKtl 

“h ZnKt^ 

» 2HgEt, 

, + Znl,. 

Mercuric 

ZitM'lC 

Mercuric 

Zmcic 

cthiodidc. 

I'thidc 

ethide 

iodide. 


IV. By the displacement of a metal in an organometallic 
eompound by another and more positive metal. 

This method has been successfully employed for the forma- 
tion of the organo- compounds of potassium, sodium, lithium, 
nluininium, and zinc. In the first three cases the reaction takes 
place at ordinary temperatures, some of the original compound 
entering into the composition of the resulting organometallic 
body : — 


dZnEt, 

Zinric 

eUiide. 

+ 

jS'a, = 

2ZnNaEt3 

Sodie siDcic 
ethidc. 

+ 

Zn. 

3llgEt, 

Mercnnc 

rlhtde. 

+ 

Al, = 

Aluminic 

ethidr. 


8Hg. 

H*At. 

Mefvimc 

Ainjlide. 

-h 

Zu = 

ZaAy. 

Zincto 

amyUde. 

+ 

Hg. 
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Reactions of organometallic bodies. 

1. The most interesting reaction of the organo- compounds 
of the monad metak is their transformation into salts of normal 
fatty acids by the action of carbonic anhydride (sec p. 118). 

2. The organo- compounds of potassium and sodium decompose 
the iodides of the monad positive radicals in the cold, forming 
hydrides and dyad radicals : — 

C,H,Na + CJIJ = Kal -f CJ1,JI -f 0,11,. 

Sodtc Ethvlic 8<>dio Kth\lif Kth}l«‘nr. 

fthide. iiKlido lodidt* hydrid**. 

3. The organo’ comjmtnds of zinc art* decomposed by water, 
with formation of the hydrides of the radicals : — 

ZnEt, -f 20H, = Znllo, -f 2EtH. 

Zincic >V liter ZincK Kthylir 

<‘thidf. hydrati Jtydridr 

I. By the slow’ action of dr} ox \ gen, they pass through two 
stages of oxidation : — 

ZnEt, 4.0 = ZnEtEto; 

Zmou' ZilK’K’ l-tlUH- 

othidi'. (‘iLilali. 

ZnEtEto 4- 0 = ZnKto,. 

Zinno ♦•tho- Zim lo 

f'tlnUti* flhiluO* 

5. Monad negative elements, such as iodine, remoxe succes- 
sively the two atoms of eth}l : — 


ZnEt, 

Zinfic 

ethidc. 

+ h 

= ZnEtl 

Ztm'ii' 

«*fhi«did»‘ 

+ 

Et 1 : 

1 A hi lie 
itMllde 

ZnEtl 

Zincic 

ethiodidc. 

+ 1. 

Znl./ 

Zincic 

iodide. 


Etl. 

Ethylic 

iodide. 


6. The organo-zinc compounds are extremely useful for the 
displacement of chlorine or its analogues by ethyl or its homo- 
logues : — 

2PC1, 4- 3ZnEt, = 2PEt, 4* 3Zn(1,. 

Pboqiboroiu Zincic TriKhrl- Zmcio 

tnohlonde. etSide. j>ho»|thtne. chloride. 

«2 
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SiCl, 

Silioio 

chloride. 

fC,H,Cl 
2-^ 0 
(C,AC1 

Chlorether 


fC„H,Et 

2-^0 

[CJI.Cl 

Etlivlo- 

chlorethor. 


+ 2ZnEta 

Zincio 

ethide. 


+ ZnEt, 

Zincic 

ethide. 


+ ZnEt, 

Zincio 

ethnic. 


SlEt^ -j- 

Bilioio 

ethide. 

rc,H,Et 
2^0 • 

I CACl 

Ethylo- 

ohlorether. 

fO,H,Et 

2-^0 

lcjr,Et 

Dicthylatod 
cthylic ether. 


2ZaCl,. 

Zindo 

chloride. 


+ ZnCL,: 

Zincic 

chloride. 


+ ZnCl,. 

Zincic 

chloridt*. 


Diotliylated othylic ether is isomeric with butylic ether, and 
contains the radical niethylo-ethylated methyl (sec p. 8). 
By oxidation it would doubtless give methylated acetone 
(p. 187). 

7. 0.xygen may also be displaced in a similar manner. 
Thus : — 


N OEt-0 — I -pAf) 

2’Wr ,0, + ZnEt. = ^ ^ Zn" or S pIXZno". 

'■ * N,0Et-0 I 

■Nitric Zmeic Zinmc dinitro-othylate 

oxide ethide. 


This compound is analogous to zincic propionate, the latter 
containing two atoms of tetrad carbon in the place of the two 
tetrad pairs of nitrogen atoms : — 


Zincic propionate . . . 


COEt-O— 1 
Zi 

OOEt-O » 


or 


CEtO 

CEtO 


Zno''. 


8. An analogous reaction is observed with sulphurous anhy* 
dride : — 


2S0, -f ZnMoa 


SOMe-O^^.. 

SOMe-O-J 


SnMTeOw #» 


Zincic Bicthyidi thitf na tc . 


Snlphnrcnt 

anhydride. 


Zincic 

meChtde. 
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9. When ethylic borate is acted upon by zincic methide, the 
ethoxyl becomes replaced by methyl : — 

BEto, + SZiiMe, a BMe, 4* 3ZiiMeEto. 

Ethylio Zinoio Boric Zincic mcthide 

borate methide. mcthide. ethylate. 

10. When ethylic oxalate is heated with zincic ethide, and 
water afterwards added, ethylic diethoxalate is formed : — 

{ coito+ 20".- { oK” + *■“»■ + »“”■ 

Ethylic Zincic WaUT. El hylic Zincic Alcohol, 

oxalate. cthidc. diclhoxalntc. hydrate. 


11. By the action of ammonia, or of certain amines and 
amides, zincic ethide exchanges its zinc for hydrogen : — 


ZnEt, 4“ 2NII3 = ZnAd, + 2EtU. 

Zincic Ammonia. Zincu* amide. Ethylic 

cthldc. hydride. 


12. The organo-zinc compounds, by losing one Hcmimolecule 
of their organic radical, become monad radicals, as shown by 
the following formula? : — 


Methylozincie diuitrome- 

thylate 

Ethylozincic diiiitroethy- 

late 

Ethylic ctbylo-zincic di- 
ethoxalate 


I 'N’',0Me-0-(ZnMe). 

I ’N",OKt.O-(ZnEt). 

f CBt .O-(ZuEt) 

\ COEto 


18. Mercuric ethide, when treated with bromine, loses one- 
half of its ethyl, which is displaced by the negative element : — 

HfEt, -h Br, = HijEtBr + EtBr. 

Mercuric Mercuric Ethylic 

ethide. etholiromide, bromide. 

14. Mercuric methide, when submitted to the action of mer- 
curic iodide, yields mercuric methiodide : — 

HcMe. -f Bgl, » 211sMel. 

ICeroorii Mereoric Meitnric 

metUb. iodide. metUodide. 
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The hydrates corresponding to the mercuric ethobromide and 
methiodide have been produced. They are powerful caustic 
bases, of the formulss 

RgEtHo and HgMeHo*. 

Mercurio Meronrio 

ethohydrate. methohjdrate. 

15. The organo-atannous compounds unite directly with 
negative elements, passing into stannic bodies : — 

SnEtj + = SnEtpIj. 

Stannous Stannic 

ethide. iododiethide. 

16. Hypostannic orgmo- compounds undergo a similar trans- 
formation : — 

'Sn'",Ete + Is = 2SnEt3l: 

Hypostannic Stannic 

ethide. iodotriethide. 

SnEtJ + I, = SnEt^I, + EtI. 

Stannic Stannic Ethrlio 

iodotriethide. iodo^ethide. iodide. 

17. Sypostannic ethodiniodide is formed by the action of 
iodine upon s^Hnnic ethodimethide : — 

2SiiEt3Me, + le = + 4MeI. 

Stannic Hypostannic Hethylio 

ethodimethide. ethoainiodide. iodide. 

18. Stannic ethide^ when treated with hydrochloric acid, 
yields stannic chlorotriethide and ethylic hydride : — 

SttEt, + HCl = SnEt^a + EtH. 

Stannic Hydrochloric Stannic Ethylic 

ethide. acid. chlorotriethide. hydride. 

The oxide and hydrate corresponding to the stannic chloro- 
triethide are known ; their formulce are : — 

r SnEty 

Oxide ...*<0 ; Hydrate... SihEt,Ho. 

ChaEtj 

These compounds, and the salts which they form, correspond 
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in composition, constitution, mid, to a certain extent, in pro* 
perdes, with the compounds of methyl : — 

AlooltoL Haloid etiiar. Xthar. 


MethyKc OH.Ho. OH, CL \ 0 *; 

lOH, 

[ SnEt, 

Stanntriethylic 8i&Et,Ho. SiiEt,Cl. ■< 0 

S&Et, 


19. Stannic chlorodiethide is readily reduced to stannous 
ethide by the action of zinc : — 

SnEtjCl, 4" Zn «■ S&Et, + 3B&C1,. 

Stannic Stannous Zinmc 

ohlorodiethide. ethide. chloride. 

20. Perpltmbic ethide resembles stannic ethide in its re- 
actions; thus with hydrochloric acid it yields perplumbic 
chlorotriethide and ethylic hydride : — 

PbEt, -f HCl = FbEt,C1 -f EtH. 

Perplumbic Hydrochlo- Perplumbio Bthjrlic 

ethide. ric acid. chlorotriethide. bjrdride. 

21. Ferplumhic triethohydrate (PbEt,Ho) is a powerful base, 
forming salts with acids. 

22. The organo-telluriim compownde form oxides and salts. 
The following are the formula? of tellurium ethide and some of 


its compounds : — 

Tellurium ethide TeEt,. 

Tellurous diethoxide TeBt,0. 

Tellurous diethiodide TeEt,!,. 


Tellurous diethosulphate TeEt,(S»*0,)". 

Constitution of Organometallic Bodies, 

The organometallic compounds are constituted on the types of 
the metals they contain. It was, in fact, the study of these 
bodies which first led to the doctrine of the atomicity of 
elements. They afford striking examples of monad, dyad, triad, 
tetrad, pentad, and hezad types. 
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The organic derivatives of the monad metals are formed on 
the type of potassic chloride (KCl) : — 


K—Cl 


PotMMio chloride. 


H H 

.4-,L: 


H 


II II 

PotsMio ethide. 


The organo-zinc, cadmium, magnesium, and mercury com- 
pounds are formed upon the type of zincic chloride (2hiCl.J : — 


II H H H 


(1— Zn— Cl 

II— C— C— Zn— C% 
1 1 1 

-C'— 

1 

Ziado chloride. 

1 1 1 

II 11 11 

Zineic ethide. 

H 11 

1 1 

1 

H 


I—Hg— e— 0— II 

1 1 



1 i 

H H 



Mcrcarie lodctliidr. 


The organo-aluminic compounds are formed upon the type 
of alumiuic chloride ('A1'",C1«) : — 

H H 

H— i— II H— C— H 


Cl Cl n 

Cl— Al— Al— Cl H— C A1 

I I I 

Cl Cl H 


H 

I 

-Al C— H 

I 

H 


Ahuftimo oidoride. 


H— C— H H— C— H 

I I 

H H 

AloBunie Mcihide. 


The organo-tin compounds are formed upon the three types 
''8m"Cl,, end SaCl^, — ^the first resembling the aincic 



CONSTITUTION OF ORGANOMETAI.LIC BODIES. 238 


chloride type, and the second the alumiuic chloride type (see 

p. 282) 

Cl Et £t Et 

CI— Sn— Cl Et— fin— I Et— tin— Et Et— Sn— Et 

.Cl [ i 1 

Btaaiiic chloride. Bta&nic iodocUethide. Stannic ethide. Stannic iodotricthidc. 


Et 

Et— Sn— O— U 

i 

Stannic tricthohydratc. 


Et Et 

Et— Sn— 0— sli— Et 

I I 

Bt Et 

Diitonnio hcxcthondc. 


The inorganic types of the organo-tolluriuni scTies are TeCl^ 
andTeOj,:— 


(n— To— C1 

Tellurium chloride. 

Et— Te— Et 

Telluriuju ethidc. 


()==Te^O 

TelluroUH oxide. 


.Et 

^='^<Et 


Telluroua diethoxide. 


1/ ^Et 


Telhinma 

diethiodide. 


The organo-arsenic, antimony, and biMnnith compounds are 
derived from the types AaCJ,, AsC SbCl„ SbCl„ 

BiCl., and BiOJio (see pp. 201', 211, and 214) : — 


0 

II 

H-~0— As— O—II 

I 

0 

1 

H 

ArMmicaoid. 

o 

Me— A— O— H 

lie 

Caeodylie add. 


0 

II 

II— O— As— 0— H 

I 

Me 

IfooooielbylarMnic add. 

0 

Me — Ab — Me 

1 

Me 

Artenio oi7trim«thid«. 
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The effect of the substitution of positive for negative radicals 
in compounds is strikingly exhibited in the case of arsenic acid, 
AiOHo 3 , as illustrated in the above graphic representations. 
By the substitution of one semimolecule of methyl for hydroxyl, 
a well-defined acid (less negative, however, than arsenic acid) 
is produced, monomethylarsenic acid, AiOMeHOj,. By the 
replacement of a second semimolecule of hydroxyl by methyl, 
a very feeble acid, cacodylie acid, AiOMeJlo, is obtained. 
By the replacement of the third semimolecule of hydroxyl 
by methyl, the acid properties are completely destroyed, a 
feeble base, the arsenic oxytrimethide, being formed, AaOMcg. 
Finally, by the substitution of methyl and hydroxyl for the 
remaining atom of oxygen there is produced a powerful base, 
tetramcthylarsenic hydrate, AaMe^Ho. 

The following is a list of the principal organometallic 
bodies at present known : — 

I. Organo- compounds containing monad metals : — 


Potassio-zineic methide KMe,ZiiMe3. 

Fotassio-zincic ethide KEt,ZiiEtj. 

Sodio-zincio ethide N aEt,Zi&Et3. 

Lithio-zincic ethide LiEt,ZnEt,^. 

Lithio-mercuric ethide LiEt,HgEt3. 


II. Organo- compounds contaming dyad metals : — 


Magnesic ethide 

MsEt,. 

Zincic methide 

ZaMe,. 

Zincic ethide 

ZiiEt,. 

Zincic amylide 



Mercuric methide 

HsMe^ 

Mercuric ethide 

H»Et,. 

Mercuric methiodide 

HcMel. 

Mercuric ethonitrate 

HsBKN'O^. 

Stannous ethide 

"Sa"Et^. 

Telluiium methide 

T^Me,. 
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III. Organo- compounds containing triad metals : — 

These compounds belong to the 11th family of organic 
bodies, and have been treated of at p. 202. 

IV. Organo- compounds of tetrad metals : — 


Stannic methidc SnMe^. 

Stannic iodotrimethide SnMc 3 l. 

Stannic iododimethide SnMe^I^. 

Ilypostannic cthide 'Sn'" 3 Et„. 

Stannic ethylodimethido SnEf^Me^. 

Stannic phenyl-triethido SnPhEt,. 

Stannic ethophcnyl-dichloride SnPhEiCI,. 

Ilypostannic ethodiiodido ’Sn" 

Perplumbic ethide PbEt^. 

Perplumbic chlorotricthide PbEtjCl. 


V. Organo- compounds of pentad metals : — 

These bodies belong to the 11th family of organic com- 
pounds, and have been already treated of at pp. 211 and 214. 
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Acptamide, 200. i 

Acetic series of acids, 114. ' 

„ series of acids, n'latious of. to | 
acrylic series, 1 112. ' 

„ series of acids, relations of. to ] 
lat*tic series, 142. j 

Acetic scries, relations of succinic 
series to, 1(J2.| 

Acetone, 1H7. i 

,, dietliylated, 187. 1 

„ diiiietbylatwl, 187. 

,, ethylated, 1H(» ' 

,, methylated, 187. 

Acetyl, 25. 

Acetylene, 21. 

., scries of nidicals, 21. 

Aoetylic chloride. 125. i 

„ nitride. 21(1. 

Aoetylide of cop|K*r, 23. ' 

Acid, m^etic, 12^3. 

„ aceto-lactic, 135, 137. 

„ acctonic, ir»(l. i 

„ acoiiitic, 178. 

iici7'lic,81, 111, 13.3. 
adipic, l(i(t. 

„ alizaric, 177. I 

„ alphii-cyniic. 15.5. I 

,, alphn-toliiylir, 1.55, , 

„ alpha-x>lic, 15,5. ! 

amidocaproic, ITiO. 

„ ainidodinitrophenylic, fitt 

„ anchoic, UiO. 

„ angelic, IJIO. 

„ anisic, 15(). 

„ anthrafiaTic, 177. i 

„ anthraquinonic, 17(1. I 

„ aposorbic, 84. 

„ arachidic, 1 1C. 

„ atropic, 156. t 

„ behmic, 116. j 

„ benzenic, 155. 

„ bcnxoic. 15.'>, 157. 180. 

„ braasic, 130. 

„ bromotricarballjlic, 176. 


Acid, bromphenylic, 60. 
„ butyric, liC. 


cacodylic, 20r>, 214, 2."J3, 2.34. 
enpne. 116. 
caproic, 115. 
cnprylic, 11.5. 
carbolic, 67. 
carboincth\lic, 144. 

(N'rotic, 116. 
chloropropionic, 147. 
ciimcic. J.'IO. 
cinnamic, 1,5,5. 
citrac<mic, 166 
citric, 17^. 
collnnc. 1.5,5. 
convolvnhnoleic, 151. 
criMotic, ir>6. 


crotonic, l.'M). 

/3 crotonic, 131 
cuminic, 1.5.5. 
cMunc, ,32. 
cyamiric, .32. 
dama]url(^ 1.K). 
daniolic. 1.‘10. 


desoxalic, 170. 
dcxtrotartnric, 173. 
dunnylact'tic, 121). 
dibromosuccirnc, J6H. 
dichlonwetic. 124. 
dichlorplienylic, 60. 
dictliwHic, 120. 
dicthoxalic, 1.‘18. 
dimethacetic, 128. 
diniethoxalic, 1.'18, 1.50, 
diriitrophenylic, 60. 
disulphaiithraquinonic, 176. 
d(H*«lic, 
elaidic, l.'iO. 
crucic, 1^10. 
ervUiric, 76. 
etKaectic, 126. 
cthomethoxalic, 138. 
ethylcrotonic, 131. 
etbjlglycoUic, 150. 
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Acid, ethyl-lactic, 137. 

„ formic, 121. 

„ fulrninuric, 32. 

„ fumaric, ICC. 

„ ga'idic, ]3(^). 

„ gallic. 157. 

„ glycoric,K), 152. 

„ glyoollainic, 157. 

„ glycollic, 71, fll, IJJC. 

„ glycomalic, 173. 

„ glyoxalic, 151. 

„ glyoxylic, 152. 

„ liciniincllitic, 1H(). 

„ licxaljydrophthalic, 175. 

„ hippuric, 1 57. 

„ lioniolaotic, 145. 

„ li<>Tn(»tnrtaric, 173, 

„ hyii'niiMc, lie. 

,, hydrocyanic, 27, 40. 

„ hydrol’crr<K*yanic, 31. 

,, Ijyiwgiric, 130. 

,, isooutyric, 12H. 

„ isochloropropionic, 140. 

„ iaodibroinoHuccinic, 1C8. 

,, iaomidoic, 1(»C. 

„ i(K))ihthalic. IHO. 

,, iiopropac<»tic, 1 15, 127. 

,, iaoHuccinic, ICC. 

„ ilacotiic, ICC. 

„ itatartaric, 171. 

,, jalnpiiiolcic, 151. 

„ loctainic, 1(>0, 147. 

„ lactic, 100, 143, 147, 148. 
„ IivvotarUiric, 174. 

„ laiiric, 1 IC. 

„ lecanoric. 7C. 

„ leueic, h'Ki. 

„ lualcic, 1C<». 

„ inalic, 1C4, 172. 

„ uialonic, 148. ICO. 

,, inannitic, 84. 

„ margaric. IIC. 

„ meliasic, IIC. 

„ mellitic, 170. 

„ luollophanic, 180. 

„ meaaiX>inc, ItiO, 

„ metagallic, 83. 

„ metatartaric, 174. 

„ niethacetic, 125. 

„ methacrylic. 131. 

„ mctliethacetic, 127. 

„ methylcrotonic, 131. 

„ methylfflycollic, 137. 145. 
„ metliyl^tic, 135. 


Acid, monochloraoetic, 124. 

„ monomethylarsenic, 214, 233, 
234. 

„ moringic, 130, 

„ miicic. 84. 

,, myristic, IIC. 

„ nitrophenylic, C9. 

„ ocnanthylic, 115. 

„ oleic, lii4. 

„ orMidiinic, 70. 

„ oxalic, il4. 

„ oxainie, 35. 

„ oxy butyric, 13C. 

,, oxymctliyl-phcnylformic, 15C. 
„ jNiltiiiiic, lie. 

„ ]>arahu4ic, 130, 145. 

,, pnriileucic, 1,30. 

,, paraphloretic. 15(>. 

,, jiclargonic, 115 
„ pt'cchlorphenylic, CO. 

„ phenoio, 155. 

„ phenonialic, 81. 

„ phenolic, C8. 

„ })htlmlic, 180. 

,. physa'toleic. 130. 

„ picraiTiic, 00. 

„ picric, eo. 

„ pimelic, leo. 

„ )»rt*hnilic. 180. 

„ propionic, 125. 

propylucctic, 127. 

„ pyroitaiiric, 171. 

„ pyromellitic, 170, 180. 

„ jiyrotartaric, KKJ, 171. 

„ p\rotcrcbic, UK). 

„ pyruvic, 151. 

„ racciiiic, 174. 

„ ricinolcic, 151. 

,, roccellic. ItVO. 

„ sacrlmric, 84. 

„ salicylic, LjO. 

„ sebocic, ICO. 

„ silicopropionic, 220. 

„ stearic, 110. 

„ suberic, ICO. 

„ suceinethvlic, 189. 

„ succinic, lC«3. 

I aulpbamylic, 88. 

t „ Kulphometh} li(‘, 87, 99. 

j „ sulphovinic, 88. 

' „ tannic. 158. 

j „ tartaric, 83, 173. 

I „ tartaric (inactive), 174. 

I „ tartronic, 80, 172. 
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Add, tartrophtbalic, 17G. 

„ tereplithalie, 180. 

tetrahydrophthalio, 176. 
thTinotic, ir)6. 

„ tofuylic, 155. 

„ trioarballylic, 177, 178. 

„ trichloracetic. 124. 

„ trichlorpheiiylic, 69. 

„ trimellitic, 180. 

„ triinCMic, 18C). 

„ trimethacetic, 12^1. 

„ trinitro-orcinic, 76. 

„ trinitrophenylic, 69. 

„ Talerianic, 126. 

„ Taleric, 126. 

„ valeric (iwmeric forinn), 126. 

„ valerolactic, 166. 

„ xylic, 155. 

Adda, acetic or fatty t*erios of, 1 14. 

„ acetoid BcricH of, l.V<». 

„ acrylic aeries of, I.'IO. 

,, benzoic or aromatic writ's of. 
15.6. 

„ claasificHtion of, 11.6. 

„ derivation of, from alcobolh, 

116. 

„ dibasic, 1 .*>8. 

,, dibasic, format i<in of, 

„ dibasic, reactions of, J.*»8. 

„ dibasic, fumaric or acryloid 

series of, 1<16. 

,, dibasic, otlier series of, 17.5. 

„ dibasic, succinic or acetoid 

st'ries of, 1.50. 

„ dibasic, tartaric or ^lyoxyltiid 

seritjs of, 17.‘1. 

funmric or aciy-loid series of, 
166. 

„ clyoxylicseru»a of, 1.52. 

„ nexabasic, 1 79, 

„ lactic series of, 1»64. 

„ lactic series of, classification 

of, K15. 

„ lactic aeries of, definition of, 

i;i4. 

„ loctic series of, relations to 

acetic series, 142. 

„ lactic series of, relations to 

acrylic series, 142. 

„ law of basicity of, 1 16. 

„ malic or lactoid series of, 172. 

„ monobHuic, 113. 

,, normal fatty, ascent of the 

series, 121. 


Acids, normal fatty, formation of, 
117. 

„ normal fatty, relations of, to 
CNllsn-f iHo abnihoU, 120. 
„ normal fatty, relations of, to 
OmII^N'I'I radicals, 119. 

„ normal fatty, ndutions of, to 
each other, 121. 

„ normal, of acetic Hf'rna, 115, 

., normal, of acrylic scries, l.'M). 
„ normal, of acrylic series, for- 
mation of, 161. 

„ normal of fatly series, forma- 
tion of, 117. 

„ normal, of fatty series, (H'cur 
rc'iiec of, 1 16. 

,, normal, of lactic series, forma- 
tion of, 141. 

„ of acrylic wrics, relations of, 
to aci'tic series, 1.62, 

„ of lactic series, isomensin of 
14,6. 

„ olefine, of acrylic st'ries, 1.61, 

„ tilcfine, of acrylic scries, for- 
mation of, 1.62. 

„ olefine, of lactic st'ries, forma- 
tion of, 14). 

,, oleic senes of, l.'M), 

„ orf»Hiiie, 112. 

„ jn rui ie si'ries t)f, 151. 

„ secondary fatt_>, 128. 

„ secoiiditn, of acrylic senes, 

1.61. 

„ secondary, of acr\Iic st'ries, 

formaiion of, 1,61. 

„ sc'condary of lactic st'ries, 

1,67. ‘ 

,. Bfctmdnry . of Inet ic scri<*s, for- 

mat ion of, 141. 

„ succinic senes of, 159. 

„ succinic senes of, relations to 

’ Hwtie series, 162. 

„ sueeinic st'ries of, relations to 
dyad radieals, 161. 

„ sucf'inic series of, relations to 
laclie senes and to alveola, 
161. 

„ lertiarj fatty, 129. 

. „ tetrubasie, 179. 

„ tribaaio, 177. 

I „ tribasic, aconitie or acryloid 

ser^l77. 

„ tribasic, dtric or lactoid aeriet, 

! 178. 
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Acids, tribasio, tricarballjlio or aoe- 
toid series, 177. 

Acridine, 200. 

Acrolein, 80, 110. 

Acryl, 21 ). 

Acrylic series of acids, 130. 

Acrylic series of acids, relations of, 
to lactic series, 142. 

Acryloid or fumaric scries of acids, 
100. 

„ series of acids, isomerism 

in, 100. 

Alanin, 100, 147. 

Alcohol, allylic, Oo. 

,, ainylic, 52, 00. 

„ benzylic, 07. 

„ butylic. 52, 50. 

„ caprovlic. 52. 

„ oaprylic, 53. 

„ ccrotic, 53. 

„ cetyl ic, 53. 

„ crcsylic, 07, 70. 

„ cuinylic, 07. 

„ deoatylic, 5.3. 

„ diinethylphcnylic, 07. 

,, ethylenu% 71. 

„ otliylic, 52. 57. 

„ heptrlio, 53. 

„ hcxylic, 5l^ 

„ isainylic, 52, 

„ isobutylic, 52. 

„ isonropylic. <>0. 

nielis.sic, 5.3. 

„ methylic, 52, 50. 

„ nonyiic, 53. 

„ ootylic, 5,3. 

„ cDnanthylic. 53. 

„ pentabydric, 84. 

„ pentyli’c, 52. 

„ phony lie, tertia^. 67, 08. 

„ pbenylic. substitution pro- 

ducts of, tl9. 

„ propvlic, 52, 59, 02. 

„ paeuAamylic, 52. 

„ pseudobutylic, 62. 

„ pseudohexyl ic, 00. 

„ stanntriethylic, 231. 

„ sulphur, l>9. 

„ syoooerylic. 67. 

„ tetraliydrio, 83. 

„ tetrylic. 52. 

„ thymylio, 67. 

„ yinyko, 64. 

„ xylylic, 67. 


Alcoholates, 58. 

Alcohols, 49. 

„ dihydric, 51. 

„ dihydric, glycol series, 70. 

„ dihydric, orcin series, 74. 

„ moiiohydric, 50, 52. 

I „ monohydrie, methvl series. 

I 52. 

I „ monohydrie, methyl series. 

, normal. 52. 

„ monohydrie, methyl series, 

j secondary, 52. 00. 

, „ monohydrie, methyl series. 

1 tertiary, .52, 02. 

I „ monohydrie, phenyl series, 

I 00. 

! „ monohydrie. phenyl series, 

I normal, 00, 07. 

* „ monoliydric. phenyl series, 

j ti'rtiarv, 07. 

„ motmhy^rio. vinyl series, 

I 03. 

„ polyliydric, 8.3. 

„ relations of, 5.3, 

„ rt*lntions of, to fatty acids. 

120. 

„ sci'ondary, oxidation of, 

02. 

., trihvdric. 51. 

„ trihvdric, glycerin series. 

7 1 . 

’ „ (rilivdric, pyrogallic series. 

81’. 

Aldehyde, acetic. 108. 

„* acrylic, 110. 

„ bciizoic. 111. 

„ butyric, UK 

„ capric, 1(K 

„ cuminic. 111. 

,, euodic. KK 

„ formic, 108. 

„ latiric, ItK 

,, oDnanthic, 106. 

„ palmitic, 108. 

„ propionic. 108. 

„ salicylic, 150. 

„ valeric, 108. 

Ald^ydes, 105. 

„ definition of, 105. 

„ derired from the 

CmHsh+iHo alcohols. 
108. 

„ firom the CMHai.iHo al- 

cohols, 110. 
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Aldehydes from the CmII 2 „-. 7 Ho iil- 
oohols. 111. 

„ preparation of, 105. 

„ reactions of, 107. 

Alizarin. 170. 

Alkalamides, 200. 

„ constitution of, 209. 
Alkaloids, artificial, 101. 

„ from cinchona, 201. 

„ from nightahiicle, 202. 

„ from nux vomica, 202. 

„ from opium. 201. 

,, from coffm*, and cocoa, 

202 . 

„ from tobacco. 202. 
the natural, 201. 

AIM, VI 
Allylaminc, 102, 

Allvlcne, 21. 

Allyhc iodide, 70, 04. 

„ sulphide, <>0. 

„ sulphocvanatc, 0(i. 

Aluminic elhide, 220. 

Amarine. 2(K). 

Amides, IttO, 205. 

„ definition of, 205. 

Amines, 101. 

„ clashi Heat ion of. 101. 

„ diacid aalt.H of, 210. 

„ monacid salts of. 215. 

„ normal salts of, 212. 

„ salUof. 212. 

Aminonia-borie ethide. 21H. 

„ raethide, 210. 

Ammonia type, 4, 

Ammon ic chloride type, 4, 5. 
Amoxyl. 5. 

Amygdalin, 112. 

Amyl, 11. 

Amylamine, 102. 

Amyl benzol, 14. 

Amylene, 17. 

Amylenic chloride, 105. 

„ bromide, 105. 

„ oxide, 00. 

Amyl glycerin, 78. 

Amylic iodide, 102. ^ 

Amylide, zincic, 234. 

Amyl toluol, 14. 

„ xylol, 15. 

Anhydnde, acetic, 182. 

,, aoetobenzoic, 183. 

„ benzoic, 183. 


Anhydride, butyric, 182. 

„ cap*roic,^IH3. 

„ oiiprylic, 183. 

„ lactic, 18«5. 

,, cenanthylic, 183. 

„ palmitic, 183. 

„ pelargonio, 183. 

„ propionic, 182. 

„ silico-formic, 218. 

„ succinic, 184. 

valeric, 182. 

Anhydrides, 181. 

„ conversion into acids, 

182, 18.3. 

definition of, 181. 

„ of the (libydric dibasic 

acids, 184. 

„ of the dibydrie mono- 

basic acids, 18.3. 

„ of the monohydrie mo- 

nobasic acids, 182. 

Aniline. 101. 

Aniline blue, 108. 

violet, 108. 

Anthrawme. 17<’». 

Ant)irar|uinone, 170. 

Antiinonic ocuds, organic, 215. 

Antimony, organic compounds of. 

Arbiitin. 75. 

Aricine, 201. 

Aromatic s«*ries of acids, 153. 

Arscmic acids, organic, 214. 

.\rsenir. organic compounds of, 100. 

Arsenic oxydichlorrnetbide, 214. 

„ oxytrimethide, 2.33, 2.'W, 

„ tetracblormetliido, 214. 

„ trimetho-flichloride, 214. 
trimothoxide. 214. 

Arsenious oxybascs, 204. 

Arsine triethyl, 2tH. 

„ trimeihyl. 204. 

Arsines, IIH), 2f>2. 

„ salts of, 214. 

Ascent of the alcohol series, 55. 

Atropine, 202. 

Azobenzol, 48. 

Bases, caustic antimony, 211. 

„ caostic arsenic, 211. 
f, causiio nitrogen, 211. 

„ caustic phosphorus, 211. 

„ imidogen, Iw. 


TOL. n. 
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Bases, organic, 191. 

„ oxyantimonic, 212. 

„ oxvarHonic, 211. 

Bonzaniiae, 20(>. 

Benzene, 44. 

Benzine, 44. 

Benzoic seriea of acids, ITi.'l. 

Benzol, 42, 44. 

„ broinocompoundR of, 4.'». 

„ fhlorocon»])ouncl8 of, 47. 

„ substitution deriviiti\t*s of, 

4:i. 

Benzonitrile, IM. 

Benz(»}i)ieiione. IHH. 

Benzo^ 1, liydride of, 111. 

BciizU, 14. 

Befaorein, 74. 

Bionrburet of hydrogen, 44. 

Bisimit bines, 1 (m», 2B2. 

Bismutlune trieflixl, 2(>4. 

Boric dietbocblonde. 217. 

,, etbide, 217. 

„ etbo-diellnlute. 21H. 

„ elho-dibjdruto, 21 ^ 

„ inotbide. 21(1. 

Bromueotylene, 24. 

Broinetlnlone, BUI. 

Broinbydrin, 104. 

Brucine. 2tl2. 

Butox>l, f). 

Butyl,* 11. 

ButUannne, 192. 

But\lene. 17. 

Butylcnic bromide, KUl. 

chloride, lOIl. 

Butylic imlide, 8IJ. 

Butyronc, 187. 

( ’acodyl, 20r». 
t’acodylic acid, 20r>, 214, 

„ cblorulc. 20.’>. 

„ oxide, 2(1.'». 

,, trichloride, 214. 

Caffeine, 21)2. 

Caprorl, 11. 

Oaprvlene, 18. 

Carbmol diethyl-propyl, 62. 

„ dimethyl, 61). 

„ dinietliyl-ethyl, 62. 

„ diinothyl-iuopropyl, 02, 

„ dimethyl-propyl, 62. 

meUiyl-butyl, w. 
methyl-diethyl, 62. 


Carbinol mothyl-othyl, 60. 

„ methyl-hexyl, 60. 

„ methyl-isopropyl, 60. 

„ nietliyl-nonyl, 60. 

„ methyl-propyl, 60. 

„ trietliyi, 62. 

„ trnnetbyl, 62. 

rarhuretted hydrogen, light, .‘19. 

( 'au.stic antimony bases, 211. 

„ arsenic bases, 21 1. 

„ nitrogen liases, 211. 

.. pliusphorus bases, 21 1. 
(.’erotene, 18. 

(Vlcnc, 18. 

(’Iiloraeetamidc, 21K). 
t'hlonrt, 1 10. 

„ alcoliolnte, 1 10. 

„ hydrate, 110. 

(’hlomnil, 76. 
t'liloramliiie. 210. 

I’lilorcther. 228. 

('lilorhydrate. cthilenic, 9r>. 
Chbirliydrm, 9.'*. 104. 

Ohlorub*. met by lie. lOl. 

Cblorine, action (»f. on tlic radii'al- 
ot tbe ctbjleiic -••ru's, l8. 
Chlorti-conipound'* ol benzol, 47. 
Cbloroforin. BK). 

(’bloroprojuony be cbloride, 142. 
(’bry>«anilm(‘. Itl9. 
t’mclionine. 201. 
t’llrunude, 209. 

Citry i-tripbcny 1-triamide, 209. 
C'bissifieiUion of organic comjiounds, 
8 . 

CiKlcinc, 201. 

Collidine. BW. 

I Com]>ound organie radicals. 9. 

„ negative radicals, by- 

arides of, 67, 49. 

„ (ixamides, 66. 

„ iK)-.itive radicals, hy- 

drides of, 37. 

ComjHiunds, organic, dehnition of. 

Condensed diadelpbio type, 6. 
Connie. 196. 

. Constituents of organic compounds, 

Crotonylenc, 21. 

Cryptopine, 2UJ. 

Cumol, 42. 

1 Cuproaovinylic ether, 23 
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Cyamelide, 32. 

Cyauethino. 2(H. 

C\anu» Indrido, 40. 

C'^aiudes, doiibl«*. 'J\). 

„ easily divounwMible, .‘JO. 

„ Hingie. 20. 

ryaninethiiH^, 20J. 

C'yanogtMi, 20, 27. 

„ cblondes of, 32. 

C\vi«»ol, 42. 

Definition of ooinpound organii* ra- 
du•al^, 2. 

organic cninjuaimlH 1 
Den\ativc‘s of glu'(»l 72. 

Demati\e««, substitution, of Ihh/oI, 
4.'>. 

De\olo|»infnt of forniuhr, (i, 7, > 
Diacctic gl\col. ISO. 

DiawtiniKic. 207. 

Diucctm. IKt. 

J)iadcl|»bic t\jK*, 4, 

Diaikalainidcs, 2<t0. 

Diainidcs, 2tt7. 

,, eonHtitution of, 2(t7. 

„ formation of primary, 

20^. 

„ primary, 2tH. 

,, sccondar;i. 2t»r>. 

„ tertiar>, 2t>^. 

Diamines, 101, 10.'». 

,, lormation of lOo. 

monacid salts ol, 21.’». 
normal Milt H ot, 213. 

„ oxides of. loti. 

,, priinarji. lO.'i. 

,, s<s'ondar}, lO.'i. i 

.. tiTtiar\, lO.'i. j 

Dibasic mndM, 1»>». 

,, anli\dndes of, IM. 

fumaric or acrUoid 

scries of, Ititi. 

Dibrombenzol, 4.'>. 

Dibutylamme, lO.’l. 

DibiiM raldiue. 2<lt>. 

Dicbloranihne, 21U. 

Diehlorbenzol, 47. 

Dichlorhydrin, 104. 

Dichlorinated iiictb^lic cblonde, 

1 ( 10 . 

Dichlorinated metbylic ether, S7. 
Diethylanune, 103. 

DieUiylamiiionic iodide, 103. 


Dietbylated aivtone, 187. 

„ etli\ he ether, 228. 

l>i<‘tin llHmzol, 43. 

Dietlnlene triammonu* dichloride, 
213. 

„ triammoiiie monoclilo 
rule, 213. 

„ triammomc trieblonile, 
213 

Diet 111 1 oxamide, 2l>0 
Dietlii Ijibosphonie zincic icmIuIc, 
2tt2 

hiclliil urea. 107. 

I >iliuli*ic alcoliols. 70, 71. 

I iimetlii ianiiiir. 103 
1 >ini(‘* ill lain line, lO.’i 
J liitictbi iated acetone, I *'7. 

1 diiictlii itMimniiiu , 103. 

Iiiinctlii lc\ mnline. 103. 

1 tiiiu till ioMiniide. 3(i. 

J hnict ill Iplieiii lammonic cliloriile, 
101 

j Dmicibi llolin(hin‘, 103. 

I Dina till ltol\ lammonic chloride, 

I 101 ‘ 

Ihmctiii lx\ lidinc. 103. 
DinitrolK-nzol, 10 

I Mjilieiii i'Carboiii 1-oxaI} 1 u amide, 
2ti0 

1 iiphcin loxnmide, .*13 
Diplictiil nmanilinc IttK. 

J)isilici< licxacliloride, 210. 

J>iMiicic o\\ -liexaetliule. 220. 

„ o\\-)ic\iieth\liitc, 220. 

„ oxi-lievainethl late, 210 . 

Double cianides, 20. 

moinulclpiiic t i pe 3 
iHad pohitiie radicals, 0, Hi. 21, 24. 

,, iM't ion of chlo- 

rine on , J ■<. 
„ haloid etiuTH 

of. )t)2. 

,. react loiiH of 

ct In Icnc 
rie* of, 18 

Elnldchyde, 100. 

Kpiehiorh^drm, 00, 103. 

Erjlhrite. 8,3. 

Hr>throghi<‘in, 83. 

Krxthromannite, 83. 

.Klfier, 83. 

„ ailylic, 89. 
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Ether amylic, 80. 

„ benzylic, 89. 

„ butylic, 86. 

„ cuproBovinylic, 23. 

„ diethylattnl ethylic, 228. 

„ dimethncetic, 128. 

M diHodacetic, 128. 

„ ethylenic, IKL 

„ ethylic, 8.^), 87. 

„ ethylic amylio, 80. 

t, ethylic butylic, HO. 

„ plycylic, IW. 

,. met hylic, H.'i, 87. 

„ motiiylic amylic, 8r>. 

,, niethylic ethylic, Hfi. 

,, mimosodacetic, 121. 

„ phenyl ic, 89. 

„ phenyllHmryl, 90. 

,, Btiinniriet hylic, 2.31. 

,, iiul]ihoinotliyHc, UK). 

„ suljihunc, 87. 

.. trimethacctic, 129. 

Etliera, Hf). 

„ formation of, 80. 

„ haloid, 93. 

„ haloid, of the dyad positive 

radicals, 9-1, 1()2. 

„ haloid, of the monad positive 
rndi(’als, 93, i)0. 

„ haloid, of the triad {lositivc 
radicals, 9.^), 104. 

„ of the dihydric alcohols, S.'*, 

W). 

„ of the methyl series, 8r». 
of the monohydric alcohols, 
8.^». 

,, of the phenyl series, 89. 

of the trihydric alcohols, 85, 
93. 

of the vinyl series, 89. 

Ethereal salts, IK^. 

„ salts, devom posit ion of, 190. 

,, salts, definition of, 188. 

„ salts of dihydric alcohols, 

189. 

„ salts of dibasic acids, 189. 

,. salts of dibasic acids, acid, 

189. 

„ saltsofdibasicacids, normal, 

180. 


Ethereal salts of tribasic acids, 189. 

„ salts of tribasic acids, acid, 
189. 

„ salts of tribasic acids, nor- 
mal, 189. 

„ salts of trihydric alcohols 
18‘.). 

,, salts, production of, 188. 
Eihide, boric, 217. 

„ hypostannic, 2.30. 

„ lithiomercuric, 2.‘J4. 

„ lithiozincic, 234. 

„ ma^esic, 2.‘i4. 

„ mercuric 22.5. 

,, fH'rplumbic, 231. 

„ potassic, 232. 

„ potassio-zincic. 234. 

„ .sodio-zincic, 234. 

„ stannic, 22.5. 

„ stannous, 2.30. 

„ ttdlurium, 231. 

,, zincic, 225. 

Kthobroinide, mercuric, 22t). 
Kthodimethide, stannic, 2.‘i0, 
EtluKliniodide, hypostannic, 2.‘M). 
Etliohydratc, mercuric. 2.*W). 
Kthomtrate, mercuric, 234. 

Kthoxyl, .5, 

EthU, 11, 12. 

Ethyl acetamide, 209. 

,, aci'tone, 187. 

„ awtU, 187. 

„ butyral, 187. 
diaeetamide, 209. 
propionyl, 187. 

I „ unai, Ufe. 

! Ethyluiuine, 9t). 192. 

Ethylainmonic ehloride, 212. 

„ iodide, 99. 
Ethylamylamine, U)3. 

EthylaU^ aivtono, 187. 

Ethylene, 16, 20. 

„ and ethyl idone compounds, 

isomerism of, 19, 146. 

„ compounds, 18. 

,. diamine, 197. 

i Ethylene-diammonic dibromide,196. 

dichloride, 213. 
monochloride, 
213. 


saltsofmonobasicaeids,189. , „ oxide, 196. 

salts of monohydric alco- > Ethylene diethyl diamine, 197. 
hols, 189. , „ series, 16. 
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Ethylene series of radicals, action » 
of chlorine on, 18. 1 

„ series of radicals, prepara- 
tion of, It). 

Ethylenic bromide, KVl. 

„ chloride, 102. 

„ chlorhydrato, 95, 102. 

„ cyanide, KH. 

,. dichloride, 95. 

„ ether, 90. 

„ iodide, 10.*l. 

i(Klhydruto, 102. 

„ nitrile, l<4. 

„ oxide, ‘.Ht 

„ oxide, iHoniers of, IM. 

„ oxide, rt'HCt ions of, 91 

Ethylic acetate, 1H9. 

„ borate, 217. 

,, chloride, 101. 

„ a eyunpropionnte, 10(1. 

„ ^ eyiinpTOpiotinte. 105. 

„ dietlijweto-acetate, IHO, 

„ diethovalate, 229 

„ disodae<*t«tc, 1H5. 

,, diHodiicetoiieetate, IHO. 

„ ethaeetoae<*tate, 180. 

„ ether, IK). 

„ ethylozineiedietlioxalnle,22t). 

,, KKlide, 101, 

„ soda<*etoaeetate, IHO. 

„ 8uecinat4*, 1H9. 

„ sulph}i>drHt<% .59. 

„ .mdphicle, 89. 

,, t risodiMX'tatc, 18(1. 

Etliylidene and etliyJene wimpounds, 
isonieriMrii of, 19, 140 
„ coniyMmndM, 19. 

„ eyanhydrate, 147. 

„ dichloride, 109. 

Ethyloehlorether, 228. 

Ethylo-ziricic dinitroefliylatc, 221>. 

„ cthvlie diethoxalate, 

229. 

Ethyl-phenyl, 4.‘h 

Ethyl-phenylamine, 193. 

EthVl-phenrlammonic iodide, 193. 

Ethyl-xylof, 43. 

Fatty acids, normal, 115. 

„ acids, secondary, 128 

„ acids, tertiary, 12tl. 

^ series of acids. 1 1 4. 

Perncyaiiide. potatunc, 31. 


Ferroeyanide ^lotassic, 30. 

FiroHlanip. 39. 

Fonimhv. development of, 0. 

„ gniphie, of organic coin- 
jHiuiids, 7. 

Formyl, 25. 

Foriii\l-diphenyl diiuiiine, 98. 

Fiiiiiarie or aeryloid series of acids, 
ItUl. 

,, series of acids, isotnorisni 
' in, ItUl. 

Kurfiirine, 2(K), 

I (}aiilth<*rin pnxniinlienN, oil of, fiO, 

(lliuHise, 81. 

(llyeenn, 77. 78. 

relations of. 79, HO, HI. 

(ilyeol, airtobutyne, 73, 

,. amylic, 70. 

„ broniethvlie. 72. 

„ hromliyilnc, 72. 

., Imivlie, 70. 

chlorhydne. 72. 102. 

„ eyanliydrie, 14H. 

.. derivatives of. 72. 

„ diiicetie, 71. 1H9, 

,, dietliyleme. 73. 

., dietiiylie, 72. 

,, fiisrsiie. 72. 

el Italic. 71. 

„ hexi'ih^^lenic, 73. 

„ hydrii’ ethyl le. 72. 

„ lodhydrie, HrJ 

,, nionmvtie, 72. 103, 1H9. 

,, iiioniisodie, 72. 

penlethyleiiie. 73. 

„ projiylie, 70. 

„ sul])liiir, 72. 

„ lelretliyleiiie, 7«* 

InethyJenie, 73 

(rlvcollie a<v*tohromide. 72. 

Olyeols, 70. 

polyethylonie, 73. 

„ relations of sumtiic series 
to. Ifil. 

OlycolU, 2.5. 

(llVoxal, 1.52. 

Glvoxyloid series of dibasic acids, 
173. 

Graphic formulw of organic com- 
pounds, 7. 

Guanidine, 2tX). 

Guanine, 200. 
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Haloid conipoinidM of oxybases, 100, 

210 . 

„ ptbors, O.'l. 

,, ethers of the dyad positive 

radicalB, 04, 102. 

„ ether** of the monad po.sitive 
raflieals, 0.‘). 

„ ethers of the triad positive 
radieals, Oo, J04 
Ileptyleiie, IS. 

Hexylene, 17. 

Hofmann's violet, HMt. 
Homopypocateclnn. 74. 
llydniz«)lH*n/.id, 4^^. 

Hydride, a»n\lic, .‘»0, 41. 

„ lmt U\e, .‘10, 

enproUic, dO. 

„ cNaiiie, 40, 

,, <leiMtUie. do. 

„ dodee,»t^ lie, .*10. 

,, endeeal;» lie. dO. 

,, ethylie, .‘10, 40, 

„ heptvlic. .‘10, 

„ luAvlie. .‘10. 

„ nietliyhe, dO. 

„ non^he, .dO. 

„ oet^lie, dt). 

,, oxntylie, 40. 

„ pentadeeatylie, dO. 

„ iHMitylie. .‘to. 

,, jdienylie, 44. 

,, prop>Iie, .do, 

tetrudeeatylie, dO, 

„ tetrOie, ;10. 

,, trideealHie, dO. 

tritylie, .*10. 

Hydrides of eoinpound ne^ntive ra- 
dieals, .d7. 40. 

„ of eoinpound po.siti^e ra- 
dieaU. .‘17. 

of the radieids of the me- 
thyl wries. .d7. 

„ of the rtidieal.** of the nie- 
thvl w»rie«, preparation 
of,‘ dS. 

„ of the radicals of the phe- 
nyl wries, 42. 

Hydpoehlorie Jflyeido, tH», 10.5. 
Hydroeot»rnine, 201. 

Hydrogen, biearburet of, 44. 
Hydroquinone, 75. 

Rydrosulphate of ethyl. 59. 
Hypostannic ethide, li'lO. 


Hypostannic ethodiiodido, 230. 

Imides, 190, 210. 

„ general formula of, 210. 
Tmidogen bases, 19d. 

Introduction to organic chemistry, 

1 . 

Iodide, jihosphonic. 202. 
loflhydric glveol, 102. 

Todliydrin, 9d. 
lododietliide, stannic, 2.'lf). 
IiKlotnetliide, stannic, 2.‘lt). 
lM>hutylene. 17. 

Isomeric forms of valeric acid, 
12 <*>. 

Isomerism in fumaric or ucryloid 
series, 

„ in the lactic series. 14d. 

,, of ethylene and etliyli- 

done, 140. ItJS. 
Isopr()]»ylic nieohol, 01. 

,, iodide, 79. 

., nitrile, 128. 

Ketones, ISt. 

f<»rnmtion of. 

iMomeri.sm of, 187. 

„ list of, 1S7. 

Ketones of the C»HaM _7 serie.s, 
188. 

liHCtic scries of acids, relations of, to 
acetic series, 142. 

,, series of acids, relations of, to 
acrylic series, 142. 

„ series of acids, relations of 
suecinic senes to, 101. 
I^ietido, 18.d. 

Ijaetoid scrit's of dibasic acids, 172. 
l,«ttctyl. 2.5. 
liimdanosine, 201. 

Lead. 

I iVndumbic chlorotriethide, 
231. 

1 „ ethide, 231. 

„ triethohvdrate, 
231. ‘ 

j Ticucin. 150. 

I liPukaiiilino, 199. 

I Littht carbiiretted hydrogen, 39. 

[ Lithiomercuric ethiae. 234. 

I Litbiozincie ethide, 234. 

Lutidine, 194. 
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Magenta, 198. 

MaGpeaic ethide, 234. 

Malic series of acids, 172. 

Malonyl, 25. 

Mannite, 84. 

Marsli-gas, 30. 

Marsh-gas series, liydrides of'. 37. 

„ type, 4. 

Mauveine, 1J)8. 

Meadow-swet'l, oil of, 15(5. 

Melcne, 18. 

Mend ins's reaction, 55. 

Meroaptau, 50. 

Mercury. 

Mercuric aiuvlule. 22f5. 

rtlmle, 225, 2:54. 

„ ctluotlidc. 225. 

„ etlioJ»roini(le, 22t>. 

„ ethnliulnUc. 2:5(t. 

„ cthouUnite, 2:51. 

„ KKh'tliuli', 2:52 

,, nu’tludc, 220. 234. 

„ inctluodidc, 220. 2:51, 

„ nicthohulratc. 2.30. 

luqihthulc, 22«5. 
Organo- eoiupoimds, 225, 220. 
2:52. 

Metaldehyle. lOf*. 

Methide, aluiininc. 2:52. 

,, lH>ne. 2 1 15. 

,, mercuric, 2:»4. 

„ j»<ita'»si<»-/.incic. 231. 

„ tellurium 2:54. 

.. zincic. 22^. 234. 

Mclhoxyl. 5. 

Methyl. II. 

Methyl acetone. 1*'7. 

,, ’ l>cnzol. 
benwnl. 

Borie.s. hydrides of the radi- 
cals of. 37. 
series of alcohols. 52. 
series, norinal ah^ohols of. 
52, 5,3. 

„ series, spcondary alcohols of, 
52, (50. 

„ seritMi, tertiarr alcohols of, 
52. r.2. 

„ series, normal radicals of, 1< I 
,, senes, preparation of normal 
radicals of. 11. 

„ senes, secondary radicals of. 

10 . 


Metiiyl series, tertiarr radicals of, 
10. 

„ tyi»c, 4. 
valeral. 187, 

Methylamine, 102. 

Methylated lavtone, 187. 

Metliylemc ehlonde. 102. 

.. iodide, 102. 
MethUctlulmnuie. 10.3. 

Met In let In l-})licii\ lamine, 1 ‘.M . 
Metiiyhc borate. 215. 

„ ehlonde. JtO, 

,. ehlorulc, diclilon'nated, 

KMI. 

,, chlopultMuoiioeliloriiuitiHl. 

,, cliloruh*. Irielilorinutcd. 

KK). 

.. iodide, 102. 

,, nitrile, 1 10, 

., oxide ( ^^^fh^fhc tthr), 87. 

Metlnlo-zmeie dinitromethjlale, 

22tt 

MeilnlpheiiO, 42. 

.Mrlln Ipheinhimmonic chloride. 

loi 

Melhjl rylol, -i:!. 

Mimaeefic gU«’oI, IHO. 

Moiiaix'tin, HO. 

Monad jioMitne radicals. ]0 

„ pohitivi* raduiils. haloid 
^•1ll^r•• of, 5):5, 0t». 
Mniiadelphir txpe. 4. .5. 
MoiialkalaiiiKh's. 2(f.t. 

MonumidcM, 20t5 

formal ion of primary, 
20t5 

, pruiiarx, 20<5. 

„ react ioiiK of primary, 

207. 

,, weoiidiiPi, 207. 

,. terlmr;i, 207. 

MonaiMines, Htl. 

„ fornintion of primary, 

101 . 

„ formation of iKTondary . 

lf>.3. 

formation of tertiary, 

10:5. 

„ nietlnlseriesofprimary, 

191. 

„ methvl wries of secon- 

dary, 192. 
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Monamines, phenyl series of pri- ^ 
inaTT, liU. I 

„ phenyl series of secon- 
dary, 192. 

„ primary, 191. 

„ reuetions of primary, 

192. 

„ recojrnition of primary, 

195. 

„ recopiition of secon- 

dary, 195. 

„ recojjnition of tertiarv, 

195. 

„ socondarv, 191, 192. 

,, tertiarv, 191, 195 

„ vinvl series of primary, 

191. 

„ vinyl serioH of secon- 

dar\, 192. 

Mtmobasic acids, nnlndride.s of, 182, 
1K5 

,, orfs;aiiic acids, 115. 

Monohrombcnzol, 4.'». 

Monobromorciu. 7(». 

Monochlorbonzol, 47. 

Monochlorhydrin, 79. 

MontKdiloririatwl iiictiulic chloride, 
KHl. 

„ propvlic glvcol, 

79‘. 

Afonohydric alcohols, 52, t>.5. (it?. 

,, alcohols, swondary, 

(K). 

„ alcohols, tertiary, r»2, 

97. 

„ alcohols, normal, of the 

phenyl series, (Mi. 

., ali'ohols of the phenyl 

8t»ries, (H?. 

„ alcohols of the viinl 
series, (UJ. 

Monoinethylarseuic acid, 214, 233. 

Morphine, 201. 

Narceine, 201 . 

Narcotine, 201 . 

Natural alkaloids, 201 . 

Negative com^xmnd radicals, hy« 
drides of, 49. 

„ organic radicals, 9, 25. 

NioWson’s yellow, 199. 

Nicotine, 2(&. 

Nitrmniline, 49. ^ 


Nitrides, general formula of, 210. 

„ negative, 210. 

Nitrile, ethylenic, 104. 

I „ isopronylic, 128. 

1 „ mothylic, 1 19. 

1 Nitriles, preparation of, 97. 
i Nitrobenzol, 45, 47. 

I Nitrocumol, 43. 

Nitrocyinol, 4.5. 

I Nitrogen, caustic bases of, 211. 

I „ compounds of triad, and 

, its analogues. UK), 

i ,, compounds of pentad, and 

its analogues, 211. 

„ organiccompoundsof, 190. 

I Nitro|>entol. 45. 

I Nitrotoluol, 45. 

Nitroxylol, 45. 

Noiiylene, 18. 

Normal acids, 114. 

„ acids of theacrylic series, 1.50. 
„ acids of the la<*tic series, l.'?5. 
,, fatty acids, 1 15. 

„ monohydric alcohols of phe- 
nyl series, (»(?. 97. 

„ oletiiic acids of the lactic 
senes, 159. 

„ radicals of methyl scries, 11. 

I „ radicals of methyl series, 

I preparation of. 11. 

„ salts of aminos, 213. 

Octylene, 18. 

(Knantlnlene. 18, 

Oil of hitter almonds, 111. 

„ of Oaultheria procuinbens, 56. 
Olefine type, 5. 

Oleie series of acids, 130. 

Orcein, 77. 

Orem, 79, 77. 

Organic antimonic acids, 215. 

„ arsenic acids, 214. 

„ arsenic chlorides, 214. 

„ arsenic oxvohlorides, 214. 

„ bases, 191*. 

„ compounds, deGnition of, 1 . 

„ compounds, classification of, 

8 . 

„ oom(>ounds, elements con- 
tained in, 1, 2. 
compounds, graphic for- 
mulie of, 7, 8. 

„ compounds, notation of, 3. 
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Organic radicals, 3. i 

„ radicals, compound, defini- 
tion of, 2. 

„ radicals, negatue, 0 

,, radicals, positi\e, U 

Organo-aluminic compounds, 232. 

,, antimony compounds 23.3. 

„ arsenic compounds, 2.‘13 
„ bismuth compounds, 2.‘t3 
„ boron com)>ounds, 21.'» 

„ boron compounds, definition 
of, 21.^ 

„ cadmium compounds. 2.32 
,, lead compounds 2-31 
„ magnesium (onijiounds 2.32 
„ incrcuri compounds 223 
,, potassium compounds 227 

„ silicon compounds 21.'i, 

218 

,, sodium compounds 227 
„ telliirmin compounds 2.31 
tin compounds, 2‘t(l 
„ 7 me coniiKiunds, 227, 2.32 

Orgunonietallic Ixidies 22.3 

,, b(Klu*s, constitution 

ot 2,31 

, biKlies, denniiion ot, 

223 

,, bodies, formation of, 

22,3 

„ liodies, reactions of, 

227 

„ bcniics, tj |>cs of, 2.32 

Oxainidc 2<»H 
Oxainidcs, coni|M)und, ,3(} 

Oxutyl, 2t», .32 
Oxatylic hjidride, 43 
Oxyantimonic b.is<*8. 212 

„ bases, salts of, 214 

Oxyarsenic bases, 2 1 1 

„ bases, salts of, 214 
Oxybascs, 13t), 2tl4 

„ arscnious, 2<^4 

„ haloid compounds of, 1 IH ), 

2IU. 

Oxypbenol, 74. 

PafMirenne, 201. 

Paraffin, 41, 

Paraldehyde, 103 
Paramylene, 18 
Parrolioe, 104. 

Pentol, 42. 


Perehloniiated inetlivlic ether. 87 
IMienj I, 1 .3 

I'heinl senes, ethers of, 83 

„ senes, bi druU»s ot the mdi- 
I inils ot, 42 

„ series monob)dric aleoliols 
of. (M» 

' „ series, normal monobydrie 

I aleoliols of, (Id 

' ., senes, radieals of, 14 

I „ senes, tiTtiary aleoliols of. 

I (>7 

IMienilanime, 132 
I’heinleTie diet in lie ketone IKS 
.. senes of radu'ids 24 
riu'inl foriuaimde, 38, 1,34 
IMieinlic cianide, 38 
, hxdride 41. 

,, iodide 31 
IMu*n\l rosiimline 138 
Pldorogluein M 

IMilor I d7 

Phosphine diet Ini 203 
(1 mil tin I, 20,3 
et In 1,203 
„ met Ini, 203 

„ trieth>l, 2(t4 

„ triinetin I, 2(M 

Phosphines, P.Mt, 202 

„ priimiri 2(t2 

„ salts of^, 214 

„ WH’ondiiri, 202 

„ tertiari 20,3 

PhfMiplionic iodide, 202 
l*hoMphoric trieOioxide, 2fM 
I J’hosphorus, organie eoniiiounds of 
P.M) 

Phlhahlic ehloride, 188 
l*hycite, 83. 

I Picolirie 134 

PicroiTV thrill, 7d. 

Piiiiti-,84 
' Pijiendine, 13.3 
Polylndrie alcohols. 8.3 
Poftiine cofiiiKiund raduxils.hydndof 
1 ot .37 

„ dyad radicals, haloid eiherf 

of, 102 

„ monad radirals, haloid ethers 
I ol, 3.3. 3d 

„ organie radicals, 3. 

’ „ triad nulicaU, haloid ethera 

1 of, 35, 104. 
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Potassium. 

PotaHBic rvai)ate. liil. 

M ethide, 2:W. 

„ ferriovaiiide, lil. 

„ ferrocyanide, JM). 

„ supoinato, 104. 

,, Rulphorvaiiiitp. ti2. 
Pottwsiozineic pllnde, 2.‘14. 

,« tnethide, 1234. 
Pnipionc, 1H7. 

Pr<»|)oxvl, 

PropyCll. 

Propylene, 17. 

Pro])y Ionic bromide, 103. 

„ chloride, KKl. 

,, iodide, 103. 
oxide, IN). 

Propvlic gUcol, immochloriiialt'd. 
71).* 

Prop\ lie iodide, 04. 

Protopinc, 1*01. 

I’nHsian blue, 31. 

Pwnulobulyb'ne, 17. 

Paeutlorcm. S.3. 

I'yridinc, 104 
Pyrocati'cbin. 74. 

Py ro^allm. hi, Hi*. 

Pyro\>Ue spirit, 30. 

Quercite, H4. 

(^tuiiiino, 201. 

Quinoiic, 73. 

Radicals, nct'tylene scrie*N of, l*l. 

„ dyad positive, 10. 

„ dyad, relations of succinic 
scries to. Itil. 

,, haloid ethers of the dyad 
noMtive, 04, 102. 
haloid ethers of the monad 
mwitive. 03, 00. 

*, haloid ethers of the triad 
po.sitive, 93, 104. 

„ hydrides of |)O0itire com- 
pound, 37. 

„ monad positive, 10. 

„ monad, rt4atiom« of, to 
fatty acids, 1 19. 

„ negative, lirdrides of, 37. 
49. 

„ normal, of the metlijl se- 
riea, 11. 


Radicals, normal, of the methyl ee- 
ries, preparation or, 11. 

„ of the plienylene series, 24. 

„ of tlie phenyl series, 14. 

„ of the phenyl series, hy- 

drides of, 42. 

„ of tlie vinyl series. 13. 

„ organic. .3. 

„ secondart, of the methyl 
stipics. 10. 

„ tertiary, of the methyl se- 

nes. lit. 

triad jiositive, 25. 

Re.Horcin, 74. 

Hosanilinc, 19H. 

Salts, ctliercal, IHH 
Secondary monohulric alcohols, ttO. 
,, radicals of the methyl 
sition. 13. 

Silicic nccto-tricthylate, 220. 

„ acct\latc, 220. 

„ chlorolorm. 21H. 

„ chiort net hide, 220. 

„ ehlortnethylate. 220. 

„ dicliloretindc, 220. 

„ dichloretlnlatc 220. 

„ diclh-eth}late. 220. 

dietlio-chlon*thylaU*, 220. 

,. diethovide, 220. 

„ diinethi late ethylate, 220. 

„ elliide, 221. 

,, cl hot net h_\ late, 220. 

,, etlulate. 220. 

„ hvdrotrietln late, 220. 
methide, 219. 221. 
ineth\late, 22U. 

„ trichiorethide, 220. 

trieth-ethylate, 220. 

„ tnethoh;idraie. 222. 

.. triethyliite am^ late, 220. 
Sihct>formie anhydride, 21H. 

SilR*oin lie act'tatc, 220. 

,, almhol. 220. 

,. chloride. 220. 

Silicopropionic acid, 222. 

Single cyanide*. 2V). 

SiKlio-zmcic ethide. 22l>, 234. 

Spirit of wine, 37. 

Stearin, 7S. 

Stibiadi triamyl, 204. 

„ triethyl. 204. 

„ trimetliyl, 204. 
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Stibincs, m), 2<>2. 

„ ealtt« of, 214. 

StprcJiiiine, 202. 

Stvrol, 

{Substitution derivutnw of bwizol, 

40 . 

Supcinaniidi*, 208. 

Suwiiiii* iH’riPH t)f acids, 1 oO. 

„ series, relations of. to acetic 

sene.**. 1<»2. 

„ scries, relations ijf. to dyuil 

radicals. H»l. 

„ series, relations of, to lu<‘tic 
wries and to |:hc«»ls, 
JC.l. 

Succiniinidc, 2(>7, 2 Of 
Succiiulic chloride. 1S7. 
Suli>li(»)»hen\l urea. 107. 

Sulphur alcohol .V.l, 

Sul}ihuru* dictlioxidc, Hi) 

Sulphurous diethoNidc, Hil. 

Irietln l<»-i(Kh<le. HO 
„ tnethylo-hylrate, K). 

Tartaric or^lvox\loid .senes ofui'ids, 
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